AD-A121 865 CONCEPTUAL DESIGN OF. NAVY FLOATING PIER(-U) LIN (T Y)
INTERNATIONAL SAN FRANCISCO CA SEP 82 NCEL-CR-82-031
N62474-81-C-9404

UNCLASSIFIED




m_m_m_m_u
d3aa

——

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A




GO8IGIVay







Unclassified.
SRCHMTY CLAMMPICATION OF Ttk PAGE (When Dare Bateredd) '
' RAEPORT DOCUMEMTATION PAGE . FEAD BTROCTIONS
CR 82,031 IAD -RIA| 96
6 L8 fane ubnetny t‘l""’.ﬁ.’m.n.“ covaned

gim-mn Sesign of Mavy Floating
or

[rme——

(None indicated)

VYRR SR SRR Y RN ]
N62474-81-C-9404

T. Y. Lin lutmtioul

San Fremcisco, CA

3 AM EL T, »
AREA & WORK UNIT NUNBERS

¥0995-01-002-123

Nnnmfivﬁ ' nuring ubontory
Port m

o)

12. AEPORT DATE
Sep 1982
’. R OF PAGES
180 .
13 SECUMTY CLASS. (of this report)
Unclassified
'E, gstwﬁuichﬂu?ﬁcﬂﬁi

ON STA NT (of his ]

Approved for public release; distribution unlimited.

17. OISTRIBUTION STATEMENT (of the abetract antored in Block 20, il ditlorent om Report)

et ———
18. SUPPLEMENTARY NOTES

1%, K&V woRD3 (C

- side i ne y ond oy Neehk

combatants

Pier; floating pier; prestressed concrete; Navy surface

[30. AQITRACT (Ceo [ side it

oy block

An 1nnovat1ve concept for

These advantages include:

a floating pier to serve Navy
surface combatants has been developed. The prestressed com-

crete pier is 1,200 feet Tong and 75 feet wide and offers a
number of advantages over conventional pi le supported piers.:

DD %% W73  «ormow oF 1 wov es 18 ossoLETE Uncla S f‘
sEcURITY €L




i

SECURITY CLASMPICATION OF Tris PAGE (Whew Date Fntered.

20. (Cont'd)

] A constant deck elevation with respect to berthed
§Mp?iuh1ch results in decreased need to tend utility and moor-
ng lines.

A full interior deck which doubles the available
length of ship-to-pier interface.

(3 A clear top deck with all utility lines located
under the deck and accessible from the lower interior deck.
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1. INTRODUCTION

This Report was prepared in fulfililment of Navy Contract No. N62474-81-C-

9404 for Bngineering Services for Navy Pler Design Concepts. The scope of
) the contract included the consideration of new and innovative design eoncepts

for Navy piers and pier components that meet the needs of specific Navy

ships. Primary effort was centered on designing a pier that will better serve
d Navy ships by improving berthing and refit functions.

¢ Architect-engineer firms typically design Navy piers according to Navy
L standards. This procedure is followed to assure that the appropriate facilities
are provided. However, the practice also discourages consideration of
innovative design. This contract permitted the contractor freedom to pursue
new design ideas, and therefore, represented a deperture from normal
practice. This freedom was nevertheless constrained by practicality. The
results of this report should be applicable to final pier designs in the near-time
frame starting in 1984.

The design concepts were to be generic, i.e., applicable in various harbor
locations, Since the timing for the contract had coincided with the

for a new pier at the Charleston Naval Base, the contract specified that the
Charleston site be used to provide site data. Although some of the new ideas
developed during this study could have possible application to the new
Charleston pier, it was considered of greater value to direct this report to
the generic features of the conceptual pier rather than to a site-specific pier

design.

The new ideas that have been developed herein are presented on many levels,
some detailed and some conceptual. The main new concept relates to a
noating pier structural system. A preliminary design was developed to
establish the feasibility of this concept for extreme loading conditions. For
this purpose, the pier design was carried out far enough under the given
conditions to demonstrate feasibility and practicality of the design. The
preliminary design was sufficiently detailed to obtain accurate material
quantity take-offs for estimating costs. Other new ideas that related to the
anchoring systems, fendering system, utility systems, and comstruction me-
thods were presented in a less detailed manner, but to the degree where
feasibility was apparent. These ideas are presented with their rationale and

supporting information.




2. OVERVIEW OF DESIGN CONCEPT

A floating pier having two decks, as shown in Figure 1, was conceived as the
appropriate structure to serve combatant ships in a manner that is in many
ways superior to that of fixed piers. The classes of ships to be berthed at the
pier are listed in Table 1. The pontoon segment of the pier was sized at 75
ft. wide by 18 ft. deep in cross-section and fabricated of prestressed concrete.
Double-wall construction was used for safety against collision damage, and
three buoyancy cells across the section were provided for damage stability.
Longitudinally, bulkhead walls were located every 40 ft. The overall length
of the pier structure was 1200 ft. with a 50 ft. gap between the pier and shore,
which was spanned by ramps. The pier was designed to be constructed as two
600-ft. long units. This length permitted off-site construction and subsequent
tow to the final site. The two units would be joined rigidly by post-tensioning
techniques and installed on-site by driving vertical piles through wet wells
located down the centerline of the pier. The piles anchor the pier from
horizontal movement resulting from berthing loads and extreme environmental
loads of a combined 90 mph wind and 6 knot current. The pier is free to move
vertically with tidal variations.

The roof of the pontoon section functions as the lower deck and has a
freeboard of 5 ft. This deck provides space for small vehicle traffie, parking,
general storage of equipment and material, and utility service equipment such
as transformers, pipelines, trash containers, and salt water pumps.

The main deck was 65 ft. wide and located 20 ft. above waterline. This deck
provides space for operation of large equipment, such as truck cranes of up
to 90-ton capacity, semi-trailer trucks, and delivery trucks. The functions
performed on the main decks are cargo handling and refit operations The
main deck was designed to handle concentrated loads from crane outriggers
without cribbing. It also was designed to be clear of most obstacles; however,
electrical service mounds were located on the main deck for operational
reasons.

Utility services to completely support berthed ships were provided by
electrical and pipeline outlets spaced according to the needs of the ships. The
utility pipes were hung under the main deck with clear access for maintenance
from the lower deck. Outlets tee from the main pipes to a service walkway
located 6 feet down from the main deck along the pier side. Hoses, stored
on the walkway, wculd be connected to the outlets and fed to the ships
without cluttering the main deck, except for the electrical cables.

Wooden fender piles and log camels have been eliminated. Modern cell
fenders of the buckling cylinder type were selected.

A novel construction method was developed which provides versatility in
constructing floating piers at any harbor location. The method uses a floating
form; hence, land-based construction sites are not required.
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3. ADNANTAGES AND DISBADVANTAGES

3.1 Advantages
Both the Naval fleet and shore establishment benefit from the floating

pier concept. The following advantages itemize several of the. benefits
which are unattainable by conventional, fixed pier structures.

3.1.1

3.1.2

Save Downtime of Piers Being Replaced

The Navy not only builds new piers, but also replaces old piers,
many of which were built 40 years ago during WW II. Replacing
piers can be more costly and time consuming than building new
piers and, from a fleet support standpoint, is less desirable
because an operational pier has to be taken out of service. The
downtime for the operational pier is on the order of 18 months
because additional time to the schedule is needed for the old pier
to be removed before the new pier can be built. Replacing the
old pier with a floating pier can reduce the downtime by some
12 months. The reason for the time savings is that the floating
pier can be built at an off-site location prior to demolition of
the old pier. Only after the floating pier has been built,
including outfitting with utility systems, is the old pier de-
molished. The new pier is towed to the site, probably as two
units, and the units are joined together. The pier is anchored
and the utility systems connected to land. These operations can
be accomplished within a 8 month period. The shore establish-
ment gains from the short down-time for the pier replacement,
and the fleet gains from improved readiness.

Advantages of Offsite Construction

The shore facility benefits from the off-site construction of the
pier because major construction operations are conducted away
from the base. Congestion is reduced. A typical Naval base is
not a convenient location to build a pier because of lack of spece
for shore staging areas and because of base security restrictions
on traffic flow for workers and material delivery.

Several construction methods are availeble to build floating
piers, thus competitive bidding is promoted. Conventional con-
struction methods for fixed piers provide limited alternatives.
For floating piers the construction methods of using a dry dock,
launching way, flood basin or construction barge can be used.
Also, a novel construction method has been conceived, which
permits the pier to be built in a floating mode. This
construction approach uses a floating form which allows for
incremental casting of 40-ft. long segments of the pier. Pier
units of various lengths can be cast, for example 400 or 600 ft.
long or, if appropriate, even a continuous 1200-ft. long unit can
be cast. This single unit would probably be built at the final




3.1.3

construction site, where towing would not be required. Once the
floating form has been built, it is available for subsequent
construction projects and it can be towed to other harbor sites
which do not have existing flood basins or dry dock faecilities.

The Advantages As Navy Piers

The floating pier provides a structure well suited to the berthing
and servicing needs of combatant ships. Thus:

(a)

(b)

(c)

()

(e)

The pier structure rides the tide along with the berthed
ship. This means the mooring lines, brows, hoses, and
electrical cables connecting the pier with the ship will
vary little in suspended length. Pinching of hoses or
cables between the ship and pier should not occur.
Mooring lines can be taut and do not need to be tended as
the tide changes.

The floating pier is a natural structure for having two
deck elevations. The roof of the pontoon section is
located near the waterline and forms a natural lower
working deck. An elevated main deck can be built to
mateh ship deck elevations. Pier funetions can be
separated between the lower and the main decks; hence,
a relatively narrow pier can provide a large, usable deck
area. In addition, the most valuable deck space is along
the perimeter of the pier next to the ship. A two-deck
arrangement has twice the perimeter space of a single
deck pier; this is a highly significant feature. To
illustrate, a two-deck pier of 65-ft. width may have far
greater servicing capability than a single deck pier of 130-
ft. width.

Utility pipelines can be located under the main deck. Full
access to the pipelines is provided from the lower deck.
Considerable space is available for expansion of the utility
systems.

A modern cell type fender system can be used. The
fender system can be designed to contact the ship hull at
the waterline because the pier and ships move together
with the tide. The system can eliminate the typical
wooden pile and camel fender system, which is a high
maintenance item.

By eliminating fender piles of any type, accidental
damage to some ship components, such as propeller and
sonar dome, would be prevented. The floating pier uses
guide j\iles located along the centerline of the piers.




3.1.4 Adaptability to Different Site Conditions

The floating pier is adaptable to various site conditions. For typical
sites where tidal variation, water depth, and soil strength are within
normal range, piles can be driven to restrain horizontal movement
of the pier. For those sites where the tidal variation or water depth
is large or where soil conditions are unsuitable for piling, mooring
chain and anchors or stake piles can be used to restrain the pier.

3.1.5 Better Earthquake Resistance

The floating pier can better survive a major earthquake than a fixed
pier. If the floating pier is anchored on location by mooring chains,
the structure is de-coupled from ground motion, and no damage
would occur. If guide piles anchor the structure against horizontal
forces, major ground motion could buckle the piles. However, the
pier would still be floating and operational. The damaged piles would
provide some horizontal restraint until auxilary mooring lines could
be installed. Earthquake damage may not incapacitate a floating
pier, as it could a pile-supported pier.

3.1.6 Water as Energy Absorber

A floating pier, that moves horizontally during ship impact, uses the
water environment to absorb a substantial portion of the ship
berthing energy. Such movement displaces large volumes of water,
which dissipates energy. Displacement of water from between the
ship's hull and the underwater portion of the pier also absorbs

energy.
3.1.7 Mobility of Floating Pier

The floating pier can be relocated within the harbor or to distant
sites. As new designs of Naval vessels evolve, this mobility will
enable the Naval Base to respond to the changing requirements of
the Fleet. Present fixed piers prohibit this flexibility, therefore
precluding consideration of this feature. Once this capability exists,
obsolete piers at prime locations can be moved to less important
sites, allowing new modern piers to be installed in their places.
Relocation of piers can become a regular feature of future Navy

ports.

During times of national emergencies, piers may be required to
rapidly upgrade advance bases. The response time of relocating an
existing pier to a new site would be considerably less than that of
building a new pier on site.

3.2 Disadvantages

Disadvantages exist with any concept, and it is important to acknowledge
and consider the shortcomings of floating piers in their assessment. The
following disadvantages are noted:




3.2.1.  Higher Initial Cost

The floating pier will have a higher initial cost than that of a
fixed pier for the following reasons:

(a)  Larger quantities of material are required to fabricate the .
pentoon sections which support the main deck of a
floating pier than are required to support the deck for a
fixed pier. )

(b)  For a two-deck pier, as proposed herein, more deck area
may be provided than actually required. A single deck
fixed pier may meet working deck area requirements at a
width of say 120 feet. The two deck concept will provide
a width of 75 + 65 = 140 feet, whether required or not.

() Poor quality construction work will have more severe
consequences for the floating pier than that of the fixed
pier. Additional quality control procedures and inspection
will be required beyond those services usually specified.

3.2.2 Require More Inspection

During the floating pier's operational life, it will require more
inspection than a fixed pier. The buoyaney chambers will require
periodic inspection for leakage, and the anchoring system will
require cathodic protection, maintenance, and inspection.

3.2.3. Interface Problem Between Pier and Shore

The pier-shore interface could present the following problems:

(a) Level-adjusting ramps will be required to span the
separation between shore and pier. The slopes have to be
kept gentle, say below 1 to 10, for some equipment.

(b) The utility pipes must span the interface and accom-
modate vertical movement from tides and horizontal
movement from jerking forces and environmental loads.
Inspection and periodic replacement of flexible hose
sections for the utility pipes will be required.

(¢) The ramps must accommodate horizontal movement, both
laterally and longitudinally, during an earthquake or ship
collision.

3.2.4 Pier Movement

The floating pier moves in response to static and dynamic loads.
This motion is likely to be slow, but still must be allowed for in
all operations on the pier.




3.2.5

Perceived Disadvantages

There are two olher considerations that are normally perceived
as disadvantages, but in actuality are not. They are:

l.

2.

The floating pier is vulnerable to accidental sinking. The pier
has been provided with a great deal of flotation redundancy
from the close compartmentation of the pontoon. E.g., the
flooding of any two adjacent cells will result in the loss of
freeboard at the accident location of about 1 foot. The
reserve buoyancy of the structure is tremendous so as to
make the probability of sinking the pier very small.

In comparison to the hundreds of piles used for a fixed pier,
the guide pile anchoring system for the floating pier may
appear inadequate to restrain the structure. Piling for the
fixed pier has to support all the design vertical and horizontal
loads, while the guide piles for the floating pier only resist
the horizontal loads. Horizontal loads on a floating pier
located in a harbor environment are adequately resisted by
approximately one-tenth the number of piles required for a
fixed pier.




4. RELATED STRUCTURES

The State of Washington has constructed three floating bridges, two across
Lake Washington and one across Hood Canal. The first Lake Wash

Bril(_lge was built in 1940 of reinforced concrete, and has a length of about 1.
miles, while the second Lake Washington Bridge (Figure 2) was built in 1962
of prestressed concrete and has a length of about 1.4 miles. Both bridges
were built in a similar manner using pontoon sections of 360 ft. long, 60 ft.
wide, and 15 ft. deep (Figure 3). The exterior wall and bottom slab thicknesses
are 9 inches and the interior wall thicknesses are 6 inches. The pontoon
sections were joined together rigidly by bolts for the first bridge and post-
tensioning rods for the second bridge. Dead-weight concrete anchors and
. mooring chain permanently anchor the structures on location in water depths
' to 220 ft. The level of Lake Washington fluctuates a maximum of three feet.

The Hood Canal Floating Bridge was built in 1957, and has a total length of
1 1.3 miles. The pontoon sections are prestressed conerete and have dimensions
of 360 ft. long, 50 ft. wide and 18 ft. deep (Figure 4). The exterior wall and
bottom slab thicknesses are 9 inches and the interior walls are 6 inches. An
elevated roadway of 28 ft. wide is located 20 ft. above the waterline.

The bridge is interrupted at mid-span by a 600-ft. draw span to permit passage
of vessels as large as aircraft carriers. Because of the break at midspan, the
bridge can be viewed as two finger piers, each in approximate length of 3000
ft., extending from opposite shores.

The bridge is permanently moored in place by 42 concrete-filled dead weight
anchor blocks and wire rope. The environmentel conditions at the site are
tidal range of 18 ft., tidal current velocity of 3 knots, maximum wind speed
of 92 knots and wind generated waves of 5 ft. in height and 35 ft. in length.
The bridge is exposed to seawater.

In 1979, a severe 100-year storm damaged the Hood Canal Bridge and caused
a major section to sink. The failure was produced by a combination of
dynamic response, movement of the anchors and flooding of the pontoons.
Flooding occurred because the hatch covers were not tied down.

The replacement bridge is presently under construction. Prestressed concrete
will again be used. The pontoon sections are wider for improved dynamic
response behavior and have dimensions of 360 ft. long, 60 ft. wide and 18 ft.
decp (Figure 5). The exterior walls and bottom slabs are 10 inches thick and
the interior walls 8 in. The prestress level in the concrete is on the order of
1400 psi. The concrete is being manufactured with superplasticizers and a
water to cement ratio of 0.33. The design 28 day compressive strength is 6500
psi. Concrete cover to reinforeing steel in walls exposed to seawater is 2 in.,
and to post-tensioning ducts is 2.5 in. All reinforcing steel is epoxy coated. .

The pontoons are being built in a flood basin which has sufficient size to
accommodate five pontoons at one time (Figure 6). Precast concrete elements
are used: channel shaped exterior walls (Figure 7) and I-shaped interior walls
(Figure 8). The top and bottom slab sections are cast-in-place concrete. The
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elevated roadway is fabricated after the pontoon sections are removed from

Another significant floating structure is presently under construction. A
floating container terminal of prestressed concrete is being built for the Port
of Valdez, Alaska (Figure 9). The terminal is a wharf type facility of size 700
Tt Tong, 100 Tt. wide and 30 ft. deep, and is being built in two sections, each
350 feet long. Construction is in a dry dock, one pontoon section at a time,
in Puget Sound, Washington. The sections will be towed to Valdez, Alaska;
joined together rigidly by post-tensioning, and anchored by dead-weight
anchors and mooring chains. Poor soil conditions and a tidal variation of 22
ft. exist at the site. Once installed, the terminal will carry a 40-ton container
crane to unload ships of up to 650 ft. in length and 50,000 tons in

displacement.

The pontoon sections are compartmentalized into four cells across the width,
each 25 ft. wide (Figure 10). Bulkheads are spaced at 80 ft. The exterior
wall, interior wall and bottom slab thicknesses are 12 in., and the level of
prestress is approximately 900 psi. Normal-weight concrete of 28 day
compression strength of 7000 pei is being used. A water/cement ratio of less
than or equal to 0.44 and air-entrainment of 3 to 5 percent for freeze/thaw
resistance is being used. The reinforcing steel is not epoxy coated.

Motion studies of the terminal (Reference 1) exposed to normal (annual return)
waves of 5 ft. in height and 75 ft. in length and extreme waves of 10 ft. in
height and 122 ft. in length showed the structure was stable for both cases.
The roll period was calculated at 6 seconds and the resulting roll angle a
maximum of 0.3 degrees. Crane operations would be limited to normal event
sea states and thus permit a standard container crane to be used.

The methods of joining the pontoon sections is different from that of the
floating bridges. The floating bridge pontoons were joined with a gap of only
about 2 in., which space was dewatered and filled with grout prior to final
post-tensioning. The terminal pontoons are joined with a gap of about 4 ft.
so that men can work in the space to clean the concrete surfaces and connect
post-tensioning ducts. Formwork is placed to cast concrete walls prior to
final post-tensioning.

The Navy has had its own experiences with floa concrete structures. In
1943 the Bureau of Yards and Docks built 13 orced concrete floating
repair docks each of 280 ton lift capecity. Each dock was 390 ft. long, 80
ft. wide and had an overall height of 40 ft., which included 14 ft. high bottom
pontoons and 26 ft. high wing walls. Five of the repair docks were towed to
advance bases in the Pacific Ocean. Several of these structures are still in
existence and on loan to foreign countries.

In the early 1950's the Naval Air Command had a program to develop
seaplanes. Offshore floating docks of precast, prestressed lightweight concrete
were designed. Plans were approved for stations at Honolulu, Alameda, and
San Diego, but a floating dock was built only at Honolulu. The dock structure
was about 500 feet long and 100 feet wide and was built in three sections.
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In 1977, the Navy built a concrete landinF dock for the USS Arizona Memorial
in Pearl Harbor. The dock is about 120 ft. long and 20 ft. wide. Cruise ships
of about 100-tor Jisplacement dock and unload as many as 750,000 tourists
yearly.

Other floating concrete structures are ocean-going ships, which were built
during the two world wars. During WW I, the U.S. Shipping Board Emergency
Fleet Corporation Program built 12 concrete ships. The ships ranged in length
from 260 to 434 ft., with beams from 43 to 54 ft. and depths from 26 to 36
ft. The hulls were of reinforced concrete and had thicknesses ranging from
four to six inches. The average compressive strength of the concrete was
4,000 psi at 28 days. Lightweight concrete from crushed, expanded shale was
used in eleven of the twelve ships. This wa. the first use of a manufactured
lightweight aggregate. In addition to the concrete ships, a total of 32
concrete barges were built,

During WW II the U.S. Maritime Commission built 104 concrete vessels.
Twenty four of the vessels were self-propelled dry cargo ships, each 350 ft.
long by 54 ft. wide by 34 ft. deep. The remainder were barges which were
designed for towing. They ranged from 265 to 366 ft. in length, 48 to 56 ft.
in width and 18 to 38 ft. in depth. The concrete in all these vessels
incorporated lightweight aggregate. The average water to cement ratio
ranged from 0.45 to 0.5 and the concrete compressive strength at 28 days was
5000 psi. Hull wall thickness for the concrete vessels was 6.5 in.

The experience gained from the war time concrete vessels comprised the
background knowledge that led to the fabrication of the floating concrete
bridges in the State of Washington.

There have been other recent examples of commercial development of
concrete floating vessels. Of interest are two concrete barge structures. The
larger was a liquid petroleum gas terminal for permanent mooring in the Java
Sea, Indonesia. This structure has a barge-shaped hull 460 ft. long by 136 ft.
wide by 57 ft. deep, and displaces 68,000 tons when fully loaded. The
structure was fabricated from precast concrete elements that were post-
tensioned together. The thickness of the shell elements was 12 in. A single
point mooring system permanently anchors the structure.

In 1981, a smaller concrete barge was built in Singapore and towed to Mexico.
The barge was built as an offshorc plant that would process dredged material
from a phosphate deposit. The prestressed concrete hull has dimensions of 260
ft long, 110 ft. wide and 24 ft. deep. A new design feature for the barge was
the use of an in‘erior honeycombed structural system made up of circular
walls, instead of the conventional rectangular bulkhead walls. The design life
for the structure is 80 years.
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5. DESIGN CONDITIONS

5.1

5.2

Site Conditions

The site conditions at the Charleston Naval Base are

is located on a convex bend in the Cooper River. The river flows rapidly
in an easterly direction along the north-side of the hen
easterly around the bend. Only the the

for ship berthing. The riverfront on the east side is separated from the
navigation channel by a wide stretch of shallow shoal.

The new proposed pier is to be located between two existing piers, Piers
L and M. Distance between the piers will be tighter than desired, so it
was important that the width of the new pier be as narrow as possible.
The tight pier spacing coupled with strong currents in the river will make
for difficult berthing operations.

Some specific site conditions are as follows:

() The normal tide range is approximately 8 ft. and maximum tide
range is approximately 10 ft.

(b) The average normal current condition in the channel is 4 knots, and
the storm current condition about 6 knots.

(c) Storm wind direction usually starts out of the north or northwest,
and changes direction clockwise to come out of the southwest. For
major storms the wind can come from the south.

(d) Some locations along the waterfront have weak soil conditions. A
soft marine clay overlies a marl formation at about 50 ft. below
waterline. Reportedly certain locations along the coast have the
marl formation at greater depths.

(e) Pier length is limited to 1,250 ft. by the shipping channel right-of-
way.

Environmental Loads

The extreme environmental loading condition at Charleston, S.C., is from
combined wind and current. For this preliminary study, hurricane winds
of 90 mph were assumed to act concurrently with storm currents of 6
knots. The current profile was assumed as linear from 6 knots at the end
of the pier to 0 knots at the shore. It was also assumed that the 8§ kncts
existed at the surface and reduced linearly to 0 knots at the river bottom
of 45 ft. depth. This current profile was considered more severe than
would be encountered at the site because of existing piers J, K, and L
located upstream from the proposed site. The piers and berthed ships
would dissipate some of the current forces.




For maximum conditions, the hurricane wind and storm currents were
assumed to act broadside to the ships and pier. The worst loading
condition would be encountered when berthed ships occupied the entire
length of the pier. This was represented by berthing a Destroyer Tender
(AD) and Destroyer (DD) on the north side, which essentially covered the
full length of the pier. On the south side of the pier, the berthing of two
of the larger combatant ships, either Guided Missile Cruisers (CG) or
Destroyers (DD) was assumed. Nested ships were not assumed for this
loading condition, because with warnings of high winds the nested ships
would put to sea.

The design prodecure for wind loading follows that of NAVFAC's Design
Manual DM 26. The second ship on the lee side of the pier was assumed
to take 50% of the load of the primary ship. The resulting forces from
wind acting broadside to the ships is summarized in Figure 11. The
calculations are given in Appendix A.

The wind forces acting longitudinally along the pier were calculated to be
approximately 1/6th that of the lateral wind forces. This load was minor
compared to that of the lateral load, and since the pier is also much

stronger in the longitudinal direction, the longitudinal loading effects’

were not considered further in this investigation.

The current loads were estimated by initially using three methods: an
approximation method, the new DM 26.6 method which is presently under
NAVFAC review for future publication, and the existing DM 26 method.
The approximation method and the new DM 26.6 method produced similar
results, whereas the existing DM 26 produced current loads on the order
of 50% lower than the other methods (Appendix A). The results from the
new DM 26.6 were used and are shown in Figure 12,

Figure 13 shows the wind and current loads combined. To determine the
horizontal load on each pile bent, the worst loading case was used, i.e.,
locating the AD on the far end of the pier. The resulting horizontal load
on the pile bents was 125 kips per bent (Appendix A).

Although earthquake loading conditions were not analyzed in this report,
available information indicated that as a rule of thumb for the Charleston
area, the combined wind and current loads usually exceeded the load from
design earthquake conditions. This is not a substitute for an earthquake
analysis, which would be required in a full design effort. The rule-of-
thumb assessment does place the magnitude of seismic effects in
perspective. In a later section on pile analysis, it will be shown that the
guide piles can deflect up to 6 in. horizontally and remain within
allowable stresses. Considering that the amplitude of oscillation and
ground motion of an earthquake in a Seismic Zone 3, where Charleston is
located, is not likely to exceed 8 in., the large deflection capacity of the
piles should protect the pier. For major ground motion or for resonant
conditions, the steel piles would eventually yield and buckle. Even in this
condition, the piles have residual strength to keep the pier on station until
it is secured by auxilary mooring lines. In short, the floating pier has
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greater potential for remaining in operation because it is floating, as

compared to fixed piers whose load carrying capacity depends on the
structural integrity of the vertical piles.

The maximum horizontal load imposed on the pier during extreme
environmental loading conditions was calculated by static methods to be
12§ kips/pile-bent. This load can be resisted adequately by a pile
anchoring system which will be discussed later. Dynamic loading
conditions have not been analyzed, but are not considered ecritical in
Charleston.




6. STRUCTURAL SYSTEMS

6.1 Pier Configuration

The total length of the pier could not exceed 1,250 ft. because of a

channel right-of-way. This length pier was marginally adequate for

berthing two CG's or DD's at 564 ft. long each along one side of the pier.

If an AD were berthed on one side then the remaining space was only

adequate for a Fast Frigate (FF) or Guided Missile Fast Frigate (FFG).
| Therefore, the floating pier was designed for the maximum length of
| 1,250 ft.; a 1,200 ft. long structure with a ramp of 50 ft. to span between
the pier and shore.

The preliminary design is conducted for two 600-ft. long pier units. The
decision to use two pier units was to demonstrate that the pier could be
built off-site in multiple units and joined together at the site. The joint
design would be similar whether 2,3, or 4 units were used to assemble the
1,200 ft. length,

g The cross-section of the pier, shown in Drawing 1, is a two-deck
' configuration. The pontoon section has dimensions of 75-ft. wide by 18 ft.
deep. The exterior wall and bottom slab are haunched sections with a
minimum thickness of 9 in. The interior wall thickness is 10 in. A double
exterior wall is provided because of the probability of a ship collision. The
remaining cross-section is divided into three buoyancy chambers with a
width of 21 ft. each. Bulkheads are spaced at 40 {t. This arrangement
compartmentalizes the total pier into 90 buoyancy chambers, thereby
providing high damage stability.

The roof of the pontoons serves as the lower deck. Because of
longitudinal bending moment considerations from "hogging" and "sagging”
the thickness of the lower deck is equal to that of the bottom slab at 9
in. This deck is adequate to resist a uniform liveload of 600 psf, and the
more critical wheel loading condition from a 20-ton fork-lift truck. The
lower deck has a freeboard of 7.3 ft. for a zero liveload condition. The
operational freeboard is 5 ft. when the entire main deck area is subjected
to a liveload of 160 psf. For the lower deck to be swamped (zero
freeboard), the liveload on the entire main deck would need to be 510 psf.
If the middie third of the structure were loaded at 600 psf, the pier would
, have zero freeboard at midlength and the material stresses would still be
- in the elastic region.

The main deck is located 15 feet above the lower deck and is 83 ft wide.
A 5~ft. set-back on each side of the pier is provided. The thickness of
the main deck is 18 in. and it is post-tensioned tudinally to a level
of about 880 psi. The controlling liveload condition for this deck was the
concentrated load from an outrigger of a 90-ton truck crane.

The maximum outrigger load was 187 kips. The design concept was to

allow the outrigger to be placed at any location on the main deck. An
alternative design concept was to provide specific corridor sections for
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the outriggers. The dead-weight of the main deck would be minimized
with this approach but field personnel report that in practice the
outriggers would not be placed only on the thickened corridors. Hence,
this alternative is not recommended.

Openings in the main deck are provided for pile installation. The openings
are covered with a metal grating instead of cast-in-place concrete, for
the specific purpose of avoiding inadvertent placement of an outrigger on
the cover. A solid cover may be deceptive insofar as the appearance is
one of strength, whereas metal grating does not appear strong enough to
support an outrigger.

The main deck is essentially clear of obstacles, although certain locations
have obstructions such as electrical mounds and access openings to the
lower deck for trash, stairs and cargo transfer. These items occupy less
than 3% of the deck area. The access openings are located at less active
areas of the pier, but the electrical mounds are located at busy areas of
the berthed ships. The size of the access openings is 12 ft. wide and 15
ft. long and on each side of the openings are two clear traffic lanes of
24.5 ft. width,

On the lower deck, columns divide the deck into three longitudinal bays,
each having a clear width of 19.5 ft. The center bay is interrupted by pile
bents every 40 ft.; however usuable center bay space is about 20,000 ft.2.
Up to 15,000 ft.2 is already designated for specific purposes, such as trash
containers, workshops, classrooms (if required), transformer stations, and
a salt water pump station. The remaining unused space of 5,000 ft.2 is
available for small vehicle parking, material and equipment storage, and
expansion of the utility systems.

The two outside bays serve as traffic lanes and perimeter space for
equipment that is actively servicing the ships. One-way traffic lanes of
12 ft. wide are provided near the inside column line. Between the traffic
lane and the edge of the pontoon is a space about 12 ft. wide for locating
portable contractor equipment next to the berthed ships. Head room
along the perimeter is limited to about 9 ft. because of the service
walkway. This means that only smaller equipment can be used on the
lower deck.

Combining the width of the lower and main decks gives a total pier width
of 140 ft. This amounts to a pier surface area of approximately 3.8 acres.
The actual narrow width of only 75 ft. is a desirable feature, especially
for piers at a location such as Charleston. In comparison, a large single
deck pier has a width of 120 ft. This floating pier provides 15% more deck
space while occupying 60% less water space.

Engineering calculations to support the preliminary design are presented
in Appendix B. The intent of the analysis was to establish feasibility for
the floating pier in withstanding significant loads and to obtain accurate
material quantity takeoffs for estimating cost.




The results of the analysis are the structural drawings and details, as
shown in Drawings 2 through 7.

The pontoon was designed with a uniform prestress level of 750 psi
compression in the longitudinal, transverse, and vertical directions of the
pier. Prestress level across the joint was also 750 psi. Details of the
prestress system are shown in Drawings 2, 4, 5, and 6. In order to
accommodate a floating construction approach where the exterior
surfaces of the pontoon are not accessible, the prestressed system has
been designed so that workmen can perform the post-tensioning tasks
from topside and inside the pontoon.

Anchoring System

Three methods are available for anchoring the pier to withstand
horizontal loads: vertical piles, batter piles, and mooring chain (Drawing
11). Each pile bent must resist the horizontal design load of 125 kips. For
the Charleston site it is proposed that vertical piles be used for the
floating pier. Vertical piles have the advantages of simple installation and
large displacement under load. They act in bending only while batter
piles act in bending and axial compression or tension. Batter piles are
more efficient in steel utilization, so they are lighter in weight than
vertical piles in direct comparison. However, this advantage is offset
somewhat by their rigidity, which may be translated into a heavier
fendering system. The batter piles will also require more field
installation work. Design calculations for both vertical and batter pile
systems are given in Appendix C. Mooring chains with dead-weight
concrete anchors or stake piles can be used for difficult site conditions
due to poor soils, deep water or large tidal variations.

For the vertical piles, a total of 58 piles of 48 in. diameter by 1 in. wall
thickness are required. The piles will be filled with sand to increase their
local buckling resistance and provide corrosion resistance to the interior
surface. The exterior of the piles will be epoxy coated before the piles
are installed. Cathodic protection will be used for the underwater portion
of the piles. A quarter inch thickness was alloted for corrosion over the
40 year design life. This sacrificial thickness equates to a corrosion rate
of 6 mils per year. The protection systems should hold the corrosion rate
to less than 3 mils per year.

For the vertical piles the restraining system at the pier-pile interface is
steel angle sections bolted to the pontoon that rub on steel strips welded
to the piles. The angle sections have replaceable teflon pads for the
contact face and neoprene blocks to absorb impact forces. The bolts
anchoring the angle section to the pontoon are designed to fail in shear
during overload situations. It is preferable for the bolts to shear than for
the piles to buckle. Hence, in an earthquake condition if the bolts shear,
an additional 6 in, of lateral displacement is permitted.

If batter piles are used, 58 piles of 36 in. diameter by 1 in. wall thickness
are required. The piles are joined together at the top by a shear plate.
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6.3

I-beam sections welded to the non-vertical piles provide the vertical
rubbing surface. The batter piles are filled with mass concrete to
increase their dead-weight and assist in uplift resistance. Good soil
conditions are required for batter piles because of the uplift forces.

Should damage occur to piles from any source, a convenient system is
provided for pile replacement. The top deck has openings directly above
the piles. The openings are covered by metal gratings. The gratings can
be removed to provide construction access to the piles.

One of the advantages of locating the piles down the center of the pier
is the avoidance of accidental contact between the piles and ship's sonar
dome and other components, which occasionally occurs ix conventional
piers with wooden fender piles. The expense of repairing damage to a
sonar dome is high because the ship must be dry docked.

Fendering System

Traditionally, the Navy has used wooden piles with log camels for the
fendering system. The system has low first cost but high life-cycle costs.

During the course of this study, it was observed that Naval vessels have
numerous protrusions from the side of the hulls except in the region near
the waterline. It would appear by keeping only the waterline region clear
of protrusions, the ship designers had intended for the ships to be
fendered by log camels. At other locations on the hull, both above and
below the waterline, protrusions have been welded to the hull. Figures 14
and 15 show two examples of hull protrusions. Other common protrusions
are pad-eyes, located above the waterline and air maskings bands directly
below the waterline. These protrusions would preclude the use of most
modern fendering systems on fixed piers.

Unless a fleet-wide effort is made to remove the above waterline
protrusions, it is difficult to foresee soft-type, modern fendering systems
being used at Naval bases. The protrusions will eventually tear the soft
fenders. Another disadvantage of soft fenders is that the hull plating is
loaded and not the ship's frame system; thus, the plating deflects inward
between the framing locations.

The floating pier permits modern fendering systems to be used because
the pier and the ships move together with tidal variations. Cell fenders
of the buckling cylinder type can be mounted on the pier and always
contact the ship in the waterline region. The contact surface between
the fender and the ship needs to be narrow and long, to simulate that of
log camels. A fendering system that meets these criteria uses multiple
small diameter cell fenders that are joined together to function as a unit.
For the purpose of this report, the energy absorption of the pier has been
assumed to be zero in the initial contact period. Each fender unit must
therefore be capable of absorbing the total energy from a berthing ship.
Calculations of the berthing energy are given in Appendix D. It shows
that three cell fenders of 3 ft. diameter each would have sufficient
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capacity to absord the ship berthing ener?y. A frame on the outboard
face of the cells causes the individual cells to work together and also
provides a hard face to the fendering system. Drawings 3 and 4 show this
arrangement. In order to keep the contact area narrow, the frame has
a width of 2.5 ft. The length of 15 ft. was required to limit the contact
pressure against the ship hull to 45 psi. Clear span distance between
fendering units is 25 ft. This distance is sufficiently small so that the
bow of a ship should not catch on the side of the fender unit.

An estimate of lateral movement of the pier during a berthing operation
was made by assuming that the load from the berthing ship is applied
slowly enough so that the pier can respond. The berthing force will go
partly into the pile system and partly into displacing water from the
backside of the pier by lateral movement of the pier. When the fender
cells have stopped the ship, the cells are pushing against the pier with
approximately 350 kips. This force will be absorbed by approximately 1/2
in. of movement by the pier. The concentrated load of the fender on the
concrete wall can be withstood because the fenders are located at
bulkhead sections,

Naval Architectural Considerations

6.4.1 Wave Height

The maximum wave height for the pontoons was calculated by
using two methods. The first was the longitudinal bending
moment method for Trocoidal waves and the second was
according to the American Bureau of Shipping (ABS) Rules. Once
a longitudinal bending moment was calculated for a Trochoidal
wave of some assumed height, the allowable wave height could
be calculated by proportioning. This was possible because the
allowable bending moment for the pontoon section was known.
Calculations for bothk methods are shown in Appendix E. The
Trochoidal wave method and the ABS method gave similar results
for pontoon units of 600 ft. in length. The allowable wave height
was 5.4 ft. for the assumed wave length of 600 ft. The design
procedures specify that the wave length be equal to the length
of the vessel.

A pier unit built in protected water should not encounter a wave
height of more than 5.4 feet. It is also unlikely that a 5.4 ft.
wave will be as long as 600 ft.

For pier units intended for ocean towing, it would be necessary,
depending on the severity of tow conditions, to decrease the
length of the pier to increase its allowable bending moment, and
therefore, increase the allowable wave height. For a pier unit
of length 400 ft., the wave height was calculated as 12.2 ft.; and
for a pier unit of length 300 ft., the wave height was 2L.7 ft.




6.4.2

6.4.3

6.4.4

The design for the 300 ft. pier unit was changed slightly from
that of the other lengths in order for the bottom slab to be able
to withstand a hydrostatic head of 22 ft. at the bottom slab.
The post-tensioning ducts were more closely spaced, at 18 in.
instead of 21 in.

Roll Period

The roll period for a pier of 1200 ft. in length was calculated as
6.8 sec, Most barge-shaped vessels have a period in the range
of 7 to 8 sec. In order for the pier to roll with noticeable
amplitude, waves of 6.8 sec. period would have to hit the pier
broadside or at least over a major length of the pier. This is
most unlikely because of ships berthed at the pier and the
presence of other nearby piers. The problem is complex, and
requires further study. From the experience of the Hood Canal
Bridge, excessive rolling motion does not appear to be a problem;
however, this structure is moored with cables at a prescribed
tension.

Damage Stability

Damage stability calculations were carried out for the 1200 ft.
long pier for two cases of flooding of the buoyancy chambers.
One case had two adjacent cells at the end of the pier flooded,
and another case had two adjacent cells on the side of the pier
flooded. The maximum change in freeboard at the end was a list
of 1.2 ft. and trim of C.9 ft. In this damaged condition, the pier
would be able to function to its full capacity. Repairs could be
made without interrupting the operational function of the pier.

Should flooding occur in one buoyancy cell, the local freeboard
change would be about 4-5 in.

Heeling from Major Loads

Heeling from two major loading conditions was analyzed. The
first condition was that of two large combatant ships moored on
the lee side of the pier during high wind and current condition.
The breasting lines are tied off to the bollards on the main deck,
generating an overturning moment in the pier. If the mooring
force was assumed as half of the maximum environmental load
from Figure 12, than a maximum condition will be obtained. For
a load of 1365 Kips, the resulting heel angle was 0.763°, and the
freeboard change was 6.0 in.

The second loading condition was that of a 90-ton crane on the
edge of the main deck, making & maximum lift. The load at the
edge of the main deck was estimated at 320 kips, which produced
a heel angle of 0.2689 and freeboard change of 2.1 in.
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6.5.1

6.5.2

6.5 Materials

Normalweight Concrete

The key to concrete durability is to obtain a pore size in the
cement paste below a critical diameter of about 0.1 micrometers
(Ref. 2). Pores of this size and smaller restrict movement of
water molecules to the point that the concrete is essentially
watertight. Without movement of water within the concrete,
deterioration cannot occur from sulfate attack or from corrosion
of reinforcing steel.

A concrete mix design which uses a minimum cement content of
700 pounds per cubic yard and a maximum water-to-cement ratio
of 0.4 will assure low permeability. A mix of this design can be
difficult to place because of its low slump. The use of
superplasticizers is recommended to improve workability, and to
avoid the temptation to add water to the concrete by workers in
the field. Superplasticizers produce high slumps with water-to-
cement ratios as low as 0.33, The present Hood Canal Bridge
construction uses this approach. Extra attention is required,
however, because superplasticized concrete loses its high slump
within 30 minutes after mixing.

Lightweight Concrete

Lightweight concrete is recommended for the floating pier for
two important reasons: 1) to reduce the draft of the structure,
which can be important during the construction phase, and 2) to
improve the durability of concrete exposed to a marine environ-
ment. Past experience has shown that the performance of
lightweight concrete in a marine environment is excellent. The
WW I lightweight concrete ship USS "Selma" is a case in point.
The ship was scuttled in 1922 in tidal waters off Galveston,
Te.as. When examined 31 and 60 years later, the concrete and
the rebars were found to be in excellent condition (Ref. 3) in
spite of a cover no greater than 5/8-in.

Lightweight concrete can have a compressive strength of 5000
psi and greater, using a cement content of over 700 pounds per
cubic yard, and presaturated lightweight aggregates. This mix
will have a higher slump than normalweight concrete for a water
cement ratio of 0.4. The purpose of pre-soaking the aggregates
is to assure that water is present for a high state of cement
hydration. As cement paste hydrates, it expands in volume and
fills much of the void volume originally occupied by free water.
For a water-to-cement ratio of 0.4, the hydrated cement can fill
enough volume to bring the average pore size down to 0.1
micrometers.
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Good quality lighweight concrete has the same watertightness as
that exhibited by quality normalweight concrete. Haynes has
demonstrated this (Ref. 4) on concrete spheres with wall
thicknesses of 3 in. subjected to external pressure heads of up to
4,500 ft. Pressure tests on the lightweight aggregate alone
showed that the pore volume was quickly filled with seawater;
hence, the watertightness of the lightweight concrete was
obtained by the cement paste surrounding the aggregates.
Watertightness provides protection to the reinforeing steel and
prevents corrosion because sufficient quantities of chloride ions
cannot work their way into the concrete to depassivate the high

PH environment of the cement surrounding the steel reinforeing
bars.

There is another feature of lightweight concrete that makes it
superior to normalweight concrete. Lightweight aggregates are
manufactured from expanded shale or clay and therefore contain
pozzolanic materials. These pozzolans combine with the chemi-
cal compounds of the hydrated cement to form an interlocking
bond at the interface of the aggregate to cement paste (Ref. 5).
Under extreme loading conditions, lightweight concrete therefore
responds more as & homogenous material than does normalweight
concrete. The modulus of elasticity of lightweight aggregate is
close to that of the cement paste, and the bond between the two
materials is strong. For normalweight concrete, the bond
between the cement paste and the high modulus aggregate is the
location of micro-crack development because of the dissimilarity
in properties between the two materials. With micro-cracking,
the watertightness of normalweight concrete is reduced.

The use of lightweight concrete is recommended for general
harbor structures in addition to floating piers becausc &f its
superior durability features.

The disadvantages of lightweight concrete are that its impact
and abrasion resistance and shear strength are typically less than
that of normalweight concrete. The cost for lightweight
concrete is also about 50% greater than that for normalweight
concrete (about $70 per cubic yard as compared to $45 per cubic
yard). However, less lightweight concrete is used in the pontoon
sections because the required buoyancy is provided by a barge-
shaped hull of smaller dimensions. With less concrete used, less
prestressing steel is required, so the higher material costs are
off-set by savings from using less materials.

The fatigue behavior of lightweight conerete is similar to that of
normalweight concrete and is not considered to be of concern for
the floating pier. A guideline on fatigue design is to maintain
the stresses in the concrete below 50% of ultimate strength.
This criterion is easily met for the floating pier.

-21=-




7. UTILITY SYSTEMS

7.1 Ship Data Analysis

The ship data contained in NCEL publication Ship Requirement Data and
Pier Design Criteria, 1981, were used to determine the utility require-
ments for the 5 classes of ships listed in Table 1.

| The detailed ship utility data were used to locate outlets at the required
3 locations along the pier for connection to the ship's utility system. The
‘- method used was to plot the utility outlets on scale drawings of the ship's
| cross-section and plan view. The plan views were cut out and
superimposed on a scale drawing of the pier. Initial effort in overlaying
the plan views showed that the utility valves grouped themselves into
: clusters. An alignment system between the ships and the pier was
i designated by having the ship's first perpendicular, i.e., where the bow
' breaks the waterline, align with assigned berthing location guide marks on
; the pier.

Four berthing location guide marks were required on each side of the pier
to accommodate all of the vessels. This is shown in Drawing 8. The AD
can be berthed either near the shore or near the far end of the pier and
the remaining berth space is adequate for a Fast Frigate (FF) or Guided .
Missile Fast Frigate (FFG). If an AD is not berthed, any combination of i

combatant ships can be berthed.

Once the berthing location guidemarks were determined, the individual
utility systems for the different ships could be plotted and analyzed.
These data are shown in Figures 16 thru 19. For example, consider Figure
16, which shows the electrical and telephone system data. The solid line
represents the length of the longest ship, an AD. The data plotted on the
solid line were for the case of all ships heading toward the left. The data
plotted below the solid line were for the case of all ships heading toward
the right. Above the solid line is a summary of the electrical mound
locations on the pier.

For some ships, the data for certain utility systems were not available.
This situation is noted on the figures. For example, in Figure 16 the

. telephone data for the FFG were missing. It was unlikely that a major
error was introduced by the omission of some data because in general the
outlet locations for the combatant ships were well grouped.

A summary of the utility outlet locations on the pier is shown in Figures
20 through 22. The solid line for these figures represents the entire
length of the pier. For the potable water and saltwater systems (Fig. 20)
additional outlet locations were incorporated to support fire fighting; .
these additional locations are noted.

Table 2 summarizes the utility outlet data and shows that the mean
horizontal distance for utility hoses to run between the pier and
combatant ships is on the order of 25 ft. The electrical system is an




exception; for certain instances, electrical cables must run horizontally on
the order of 200 ft. to reach distant connection points for the AD. For
comparison purposes, normal practice has utility outlets spaced at 150 ft.
This means that horizontal runs between the pier and the ship will be a
maximum of 75 ft. Table 2 shows a comparison of the number of outlet
valves required for a conventional utility layout versus the tailored
layout. It is observed that approximately the same number of outlet
valves are required. The difference in the layout methods is the
horizontal distance that hoses must run. The tailored layout method saves
handling and storing extra lengths of hose that are presently required
using the conventionsl layout method. It is recommended that the
tailored layout method be used.

Utility Layout

The utility layout for the pier is shown in Drawings 8 through 10. Drawing
8 shows an overall plan of the pier with a schematic of a bypass system
for the utility pipes and a plan and elevation of Pier Unit L. Drawing 9
shows Pier Unit 2 and Drawing 10 shows miscellaneous sections. The
various utility systems are discussed below:

7.2.1 Electrical

The maximum demand for power at each berthing location is
controlled by an AD requiring sixteen 400 amp receptacles, and
a nested CG with ten 400 amp receptacles. The total required
is, therefore 26 receptacles. The present design provides for 32
receptacles at each berthing location for an oversupply of 23%.
Past records show that, in general, the power requirements for
ships has doubled every ten years (Ref. 6). To plan for future
expansion, space is reserved for duplicating the transformer
stations on each pier unit. A high-voltage connection at each
berth is also provided for portable transformer stations.

Electrical power is supplied to the pier by four 12.5kv high
voltage lines. Two power lines run down each side of the pier
and provide redundancy to each transformer station. As shown
in Drawing 8, the transformer stations are located in a center
buoyanecy cell and the switching gear are located directly above
in a center bay. The transformers are located on a raised floor
and can be installed and removed through a removable floor
panel. Sufficient space is available to house the transformer and
switching gear in this arrangement.

Another transformer station is located in a center bay section
adjacent to the switching gear for supplying grounded contractor
power. Grounded power was incorporated into the design for
Pier 2, San Diego Naval Base, for safety purposes.

Electrical receptacles are located in an electrical mound on the
main deck. This is shown in Drawing 10, Section G. In each




7.2.2

electrical mound, 32 Viking receptacles are provided along with
telephone connections, which include the T.V. and data lines, two
fire boxes, contractor power outlets for 120 volts, 240 volts, and
480 volts, and a high voltage connection for a portable
transformer.

The decision to locate the electrical mounds on the main deck
was for operating reasons. The electrical receptacles on the
ships are located at high elevations. Handling the electrical
cables, either manually or mechanically, will be relatively easy
because the cables are accessible and space exists for proper
lay-out. A certain amount of main deck space will unfortunately
be occupied by the cables spread out in a single layer. The
important point is that maneuvering room is available for this
necessary operation. To avoid build-up of heat from electrical
resistance, the cables cannot be rolled or stacked while in use.

Although the cables use main deck space, they are the only
cables or hoses located on the main deck, so the images of
conventional pier decks with heaps of electrical cables inter-
mingled with other hoses, including water hoses (Figure 23) do
not apply. A neat layout of short runs of cables should be
visualized. Long runs are required only for supplying the AD
with power. Figure 24 shows a neat cable layout with a long run
at Pier 2 in San Diego.

An alternative location for the Viking receptacles is on the
lower deck. This has the advantage of keeping the main deck
clear, particularly in the prime operating location at amidship.
However, having the receptacles on the lower deck would require
considerably more man-handling of electrical cables. Also, those
cables would be in the same vicinity as the steam and water
pipes. Operationally, it does not appear advantageous to have
the receptacles on the lower deck.

Another alternative is to have the electrical mound on the main
deck but located 10 feet from the edge of the pier with the
receptacles facing the ship. This would provide a corridor for
the horizontal cable runs. The disadvantage is that the
electrical mounds will restrict the movement of deck equipment,
and prevent the equipment from getting close to the ship hull.
This arrangement is not recommended.

Telephone

Two telephone trunk lines of 50 channels each are provided on
the pier. This system contains cable television and data link
lines. The outlet locations are at the electrical mounds.
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7.2.3

Steam, Potable Water, Fuel Qjl, and Compressed Air

These services all require pipelines under pressure. The utility
pipes shown in Drawing 10, are located on the underside of the
main deck. Each pipe is about 11 feet overhead and accessible
for ease in repair or maintenance by working from the lower
deck. Also, space exists for expansion of systems. The pipelines
originate from shore, where two. pipes for each service are
provided for redundancy. Drawing 7 shows the pipeline
interface from shore to pier. Section A of Drawing 7 shows the
pier-side connection where a metal reinforced hose is used. This
type of flexible connection allows free movement of the pipes in
all directions.

The steam system will require an alternative design to that of
the flexible hose arrangement. The steam line cannot have a
gooseneck hanging down because it collects condensed water.
For the steam line, a gooseneck arrangement with elevation
higher than that of the pipeline is required.

Valves are located on each side of the flexible connections for
ease in replacing sections when required. Connection movement
is slow and the cycles few. Also, the hose is not exposed to
sunlight so external deterioration will be slow. Hence, the life
of the flexible hose connection is estimated at 5 years.

On the shoreside end, Drawing 3 shows a room beneath the ramp
which provides a location for connecting the utility pipes to the
underground pipes with a swivel joint.

On the pier, the utility pipes tee off the trunk line at the
required locations and terminate at the service walkway. Typ-
ically two hose connections are provided at each outlet. The
outlet valves remain under the main deck to protect them from
damage from dropped objects, yet they are easily accessible for
hose connection hook-up. The walkways extend along the entire
length of the pier and under the main deck, leaving considerable
space available for storage of hose sections.

Fuel oil spillage is contained by high toe-boards on the service
walkway. Drainage ducts lead from the walkway to the double
wall buoyancy cells, where spillage can be collected. After a
spill the buoyancy cells are pumped dry.

The steam pipe is sized at 10 inches to allow for increased
demand by the ships. With insulation, the pipe diameter will be
about 20 inches. The potable water pipe and fuel oil pipe are
sized at 8 inches diameter and the compressed air pipe is sized
at 6 inches diameter.
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7.2.5

Salt Water

The salt water system is contained entirely within the pier. A
pumping station where saltwater is drawn from a wet well is
located at the end of the pier. Three pumps are provided with
one pump designated as a back-up. Power for the pumps is
supplied from a nearby transformer station. A back-up diesel
motor and generator system is also provided to assure that power
for the pump will be available during a fire.

Extra salt water pipe outlets have been provided for fire fighting
purposes. The outlets are spaced at no greater than 240 feet
apart. At the end of the pier, four valves are provided for fire
boat hook-up.

Shipboard personnel use saltwater in fighting fires onboard ships,
but shore based firemen prefer to use potable water. For this
reason, extra potable water outlets have been located on the pier
for fire fighting.

The salt water pumps can be installed and removed as one unit
through a removable deck panel on the main deck (Drawing 10
section D).

Sewage and Oily Waste

The sewage and oily waste pipes are gravity flow, discharging
into holding tanks. The holding tanks are separate for each
utility and located near the midpoint of the pier. Center
buoyancy cells are used as holding tanks and each has a capacity
of 50,000 gallons. This capacity is at least threc times that
currently provided at existing piers which use a collection
system. A pump removes the waste from the holding tank and
under low pressure pumps the waste to shore. This method of
waste removal and storage is recommended over that of a force
main system where water under pressure is used to flush the
sewage lines. The changes in elevation of the pier due to tidal
varijations does not permit a force main system to be used.

For the gravity flow sewage system the recommendations of DM
5.8 should be followed. A 4-in. diameter pipe system is provided
to throttle the discharge velocity of waste being pumped from
ships. Ships have sewage pumps with capacity far in excess of
pierside sewer system designs. The 4-in. pipe manifold system
discharges into an 8-in. diameter gravity flow pipe that leads to
the holding tank.

Venting the sewage holding tank is not recommended because the
vent would be at working deck eclevations. The recommended
procedure is to remove the sewage by pumping it to shore within
3 hours of placement.
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Although an oily waste disposal system is provided on the pier,
it is possible that ship oil-water separation for coastal zones may
be authorized in the near future. If authorization occurs, the
oily waste disposal system will not be necessary on the pier.

Bollards

Bollards of 70,000 pound horizontal holding capacity are provided
at intermittent locations along the length of the pier both on the
main and lower decks as shown in Figure 22 and Drawings 9 and
10. 'r:ie main deck bollards are the principal mooring system for
the ships.

Spacing of the bollards is closer to the bow and stern of the
vessels and further apart in the mid-ship section. Drawing 10,
Section D shows the mooring line slopes from the ship to the
bollards. The set-back of the main deck provides a good force
component in the mooring line perpendicular to the pier. This
set-back provides the same function as stand-off camels provide
on fixed piers.

On the lower deck, bollards are required for only a few AD
mooring lines. Extra bollards are provided for the general
purpose use of mooring various vessels that the pier has not been
designed for, such as small craft and barges.

Bollards of only one size capacity have been provided. San Diego
Pier No. 2 also uses only one size of bollard. The background
reasoning is that it is safe for small size ships to moor
themselves to the large capacity bollards, but unsafe for large
ships to erroneously moor themselves to small capacity bollards.

Brows

Brow locations on the pier must align with the quarterdeck
locations on the combatant ships and the exit door on the AD.
Figure 19 shows the guarterdeck locations for the various ship
decks and the designated locations on the pier which should
remain clear for the brows. Figure 22 shows the relationship of
the brows to the electrical mound locations. A small overlap
occurs in some instances but not enough to cause operational
problems. In Drawing 10, Section D, the slope of the brows
between the ships and the main deck is shown. A main deck
elevation of 20 feet above the waterline is approximately
halfway between the quarterdeck elevation for the DD and CG
and the quarterdeck of the FF and FFG. The personnel exit door
on the AD is at 22 feet above the waterline.

Trash System

Four trash wells are provided on the main deck so trash may be
disposed of by dropping it into dumpsters located on the lower
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7.2.9

7.2.10

7.2.11

deck. Two dumpsters of size 8 ft. by 8 ft. by 12 ft. are provided
under each trash well. In the present concept the dumpsters
need to be specially built with wheels for the floating pier. It
is envisioned that the dumpsters will be rolled into a traffic lane
and joined together so that a vehicle can tow them off the pier
for emptying by a conventional garbage truck. This unloading
sequence is not as convenient as the conventional system.
However, considerable advantage is realized in keeping the
dumpsters off the main deck. A more sophisticated trash system
can be envisioned where typical Navy dumpsters are located on
a platform just under the main level deck. The platform is
supported by hydraulic jacks that raise the dumpsters to the
main deck level for emptying by a conventional garbage truck.

Stair and Cargo Wells

Four relatively large openings of size 12 ft. by 21 ft. are provided
on the main deck to allow for stairs and an open area for cargo
transfer. The clear opening for transferring material and
equipment from the lower to the main deck is 12 ft. by 15 ft.
This opening also provides a trash well for contractors. Typ-
ically contractors have large dumpsters of the size 8 ft. by 8 ft.
by 20 ft. which occupy a considerable amount of deck space.

Workshops, Storage Rooms, and Classrooms

Space is available in the center bay of the lower deck for
enclosing rooms for various purposes. On some piers, classrooms
may be highly desirable for training purposes. On other piers,
workshops or sccure storage areas may be preferred. These
rooms can be inexpensively built because only walls are required.
The major construction items, the floor and the roof, already
exist.

Ramps

A ramp system is provided with a 20-foot wide roadway to the
main deck for the large load handling equipment and trucks.
Smaller ramps having a width of 15 ft. are provided as access to
the lower decks. The ramp arrangement was designed to have a
maximum slope of 1 to 10 for the extreme high and low water
levels. To accommodate the grade limitations, an elevated
roadway on the shore side was required with a maximum
elevation of 12 ft. above ground level. This elevated road
provides a cellular abutment room for the utility pipes to
connect to the underground pipes.

The ramps are pinned at the shore-side end and slide on the pier
end. A horizontal sliding surface of 3 feet longitudinal
movement is provided on the pier end to accommodate extreme
displacement. The ramps have through-girders with an open-rib
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orthotropic deck. It is important that the ramps do not fall off
the pier because of their critical function. The pier may survive
a major earthquake but it can function only if the ramps are not
disabled. At certain harbors, for example San Diego, shore side
space is not available for an elevated approach roadway. In this
case, an alternate design would provide longer ramps so that
tidal variations do not produce excessive grades.




CONSTRUCTION METHODS

Three basic construction methods have been considered for building the
floating pier: on-land construction, which includes using a flood basin, graving
basin, dry dock, or launch ways; barge-mounted construction, which includes
building pier sections on a barge; and the novel floating form method which
has the pier built while afloat.

The following discussion on each of the construction methods envisages the
situation wherein an existing pier is replaced. For this situation, as much
construction work as possible would be conducted at an off-site location. The
floating pier concept is not limited to this scenario, and mueh in this
discussion would also apply in building a new pier at its final site.

8.1 Flood Basin Construction Method

Drawing 12 shows the construction sequence for the flood basin construe-
tion method. An on-land site nceds to be excavated so the base of the
site is below sea level by about 13 ft. A temporary dyke is constructed
to keep the water out. In the dry flood basin, normal construction
operations and equipment are used to build the pier units. Depending on
the size of the on-land site, either two 600-ft. pier units or three 400-
ft. long pier units would be built. The pontoon and main deck structure
would be built using a precast concrete construction approach, similar to
that used for the Hood Canal Bridge and the floating container terminal
for Valdez. As much construction as possible would be completed in the
flood basin; this includes completely outfitting the pier with the utility
systems. At this stage, water is allowed into the flood basin to float the
pier units. The dyke is then removed and the picer towed to its final site.
At the final site the first pier unit is positioned, moored on location, and
installed by driving piles. The second pier unit would be aligned with the
first unit, joined together rigidly with the post-tensioning tendons and
then installed by driving piles. The utility systems would be connected
between the pier units and to shore. Minor construction items would
complete the pier.

8.2 Barge Mounted Construction

For the barge-mounted construction approach, shown in Drawing 13, four
pier units, each 300 ft. in length, are required. The length is dictated by
the availability of construction barges. Numerous barges of size 100 ft.
by 400 ft. are available whereas larger barges are few in number. One
pontoon scction at a time is built on the barge. More barges could be
used to speed construction time. The barges are relatively expensive at
rental rates of $5,000 to $6,000 per day and should be released as soon
as possible to minimize cost. The pontoon sections are floated off the
barges after the barges are submerged, and then towed to a location for
deck construction. This location would probably be a commercial pier.
The conerete work is completed and the utility systems installed. The
pier units would be towed to the final construction site. The first unit
is positioned and installed by driving piles. The second unit is joined to
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the first unit by post-tensioning tendons and installed. The third and
fourth unit are installed in a similar manner. The utility systems are
connected between the different pier units and to shore. Minor
construction items complete the pier.

Floating Form Construetion

The concept of floating form construction is to allow a pier unit to be
supported by the water environment while incremental segments are built
and added to the pier. This construction approach is similar to that of
incremental cast-in-place contruction for cantilever box girder bridges.
For the bridges, a form is moved forward in incremental steps of typically
20 ft. and the box-girder post-tensioned after every step. On water, the
construction approach is simplified because gravity forces are supported
by the water. To execute the floating concept, a form is required that
will float at the same elevation as the pier and provide a dry construction
well for building new segments. This type form is essentially a dry dock
with wing walls on three sides; the fourth side has the pier extending out
into the water.

A sketeh of the floating form is shown in Drawing 14. Its overall
dimensions are 140 ft. x 115 ft. x 30 ft. The front half of the form is the
construction platform and has wing walls on three sides. The construction
well area is sufficiently large to build a 40-ft. long pier segment. The
back half of the form is provided to clamp the form onto the pier at two
bulkhead locations. The clamping action is from flat jacks in both
vertical and horizontal directions. The force of the clamps must be
sufficient to prevent any relative movement between the form and the
floating pier. Loads which may cause relative movement are from small
waves of passing ships, swell within the harbor, hydrostatic pressure
across the front end of the form, and the added weight of newly cast
concrete. These forces are not overly large and can easily be designed
for. A third clamping location is provided just behind the construction
well. The concrete at this location has not developed full strength nor
is a bulkhead available, so clamping forces are appropriately reduced.

A watertight seal must be made between the form and the pier. Several
methods are possible. For example, a sliding wall with neoprene gasket
material at the interface is jacked against the concrete. Another method
is the use of inflatable elastomeric gaskets, or elastomeric flaps, called
"J" seals. Two gaskets or seals, spaced about 1 ft. apart, would be used
as backups. Water leaking past the first seal would be stopped at the
second seal and then pumped out.

The floating form is provided with ballast chambers so that weight
changes can be compensated. In particular, after concrete has been
placed for a new pier segment, the added weight needs to be countered
by pumping some water out of ballast chambers. Before the clamps are
released, the form is ballasted to an elevation equal to that of the
floating pier.
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The construction sequence, shown in Drawing 14, consists of building the
first pier segment in the construction well, and then moving this segment
back by jacking against the front of the form to.make room for the
second pier segment.

The first segment requires an extra jacking step because a temporary
bulkhead wall is required to keep seawater out of the construction well.
This segment is initially jacked to the temporary bulkhead. The
watertight seal system is installed. Then the bulkhead is removed and the
segment jacked farther away from the construction well. The clamps are
used to hold the first segment tight within the floating form.

The second pier segment is then cast against the first. These two
segments are jacked backwards so that a third segment can be cast and
the cycle is repeated. When segment one extends beyond the end of the
floating form, the pier is anchored by piles or mooring chain, and the
form is moved forward from that stage inward.

The sequence of construction for building a segment is as follows: On day
one, prefabricated reinforcing mats for the bottom slab are laid out and
tied together. On the same day, concrete is cast and allowed to cure
overnight. On days two and three, prefabricated reinforcing mats for the
longitudinal walls are set in place. The forms for the walls and roof deck
are then slipped forward from the previous segment. Precast concrete
bulkhead walls and wet well section are then placed between the previous
segment and new segment. Prefabricated recinforcing mats for the roof
slab are laid out and additional reinforced steel is installed to tie the
walls and roof together. On day four, concrete is cast for the walls and
the roof and allowed to cure. On day six, sufficient concrete strength has
developed to permit post-tensioning.

This construction sequence produces one 40-ft. pier segment at the rate
of one segment per week. At this rate, a 1200-ft. long pier can be built
in some 30 weeks. Allowing for start-up time and occasional problems,
the total construction time would be about 36 weeks, or nine months.

The floating form construction approach is adaptable to on-site as well as
off-site construction. On-site construction consists of building the
floating pier at its final location. Construction starts at the shore end
and continues for the total 1200 ft. span. Shortly behind the floating
form, the main deck is constructed. Once sufficient deck has been
fabricated, installation of the utility systems can begin. By the time the
floating form is finished, completion of the rest of the structure is not
far behind.

Construetion Time Periods

Table 3 shows a comparison of the time periods for construction of a
fixed pier to that of a floating pier. The fixed pier, built with
conventional methods, consists of precast, prestressed concrete piles and
cast-in-place pile caps and deck slab. Three construction methods have
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been considered for the floating pier — flood basin, barge mounted, and
floating form method — and each has its own construction time frame.

The time scale is set to represent the total scenario, including the
replacement of an existing pier with a new pier. Adjustment can easily
be made for the case of building a pier at a new site. Time zero is when
the existing pier is taken out of operation. For the fixed pier,
construction cannot begin until the existing pier is demolished. However,
for the floating pier, the demolition work can be preceded by some nine
months of construction work on the new pier itself. After the new pier
is constructed, it will take approximately 6 months after the existing pier
is taken out of operation for the new pier to be installed and in operation.
The barge-mounted method would take longer than 6 months to place the
pier back in operation because of the additional number of joints that are
required for the smaller length pier units. The rapid turn-around time in
placing the pier back in operation is contrasted to that of the fixed pier
which requires 18 months. A savings of 12 months is realized by using the
floating pier concept.

It is interesting to note that there appears to be little difference in
construction time between the various construction methods proposed for
the floating pier. From a construction standpoint, the important
consideration is the availability of either a flood basin, submersible barge,
or a floating form. If a flood basin is not available, the time for the
construction of a flood basin, which would include getting permits and
environmental impact reports, must be added to the totel construction
schedule. The availability of barges and their day-rate cost is the major
consideration for the barge mounted method. There are additional
limitations to the barge mounted method, as was mentioned earlier, that
would make it the least desirable of the three methods. A floating form
is now in the conceptual stage. It appears that the lead-time would
perhaps equal the time required to build a new flood basin. All things
being equal, the choice appears to be for the floating form approach
rather than the flood basin approach, principally because there is a serious
shortage of space around harbors to build flood basins. The floating form
is also transportable and can be relocated to different harbor sites where
it is needed.

As mentioned before, Table 3 can also be used to obtain construction
times for the scenario of building a pier at a new site (not replacing an
existing pier). Assuming that a flood basin or a floating form is presently
available, then the construction time for these approaches is on the order
of 15 months. The barge mounted method may require about one
additional month. The conventional method for a fixed pier shows about
16 months; however, it is not uncommon for conventional construction
time periods to extend up to 24 months.
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9. COST ANALYSIS

9.1 Floating Pier Cost

9.2

Table 4 shows a cost breakdown for the floating pier. Material quantity
take-offs from the preliminary pier design allowed for a reasonably
accurate estimate on the in-place costs of the concrete, prestressed steel,
rcinforeing steel, piles, ramps and fenders. The cost of fabrication, which
represents the cost of the floating form, flood basin or barges and the
cost of mobilization, was estimated at $2 million. The difference in cost
between the individual construction methods did not appear significant
enough to justify itemized fabrication costs for each construetion method.
Cost for the towing and connection operation was estimated at $0.5
million for a pier built from two floating units. The miscellaneous cost
estimate of $1.8 million includes such items as the shore-side work for
ramp structures and outfitting the pier with the service walk-way, stairs,
bollards and other such items. The estimated total structure cost was $18
million.

This report does not cover the detailed cost analysis of the utility
systems. From past experience, however, a utility system in the
magnitude of the one proposed would run somewhere between $8 million
and $10 million. The latter amount has been used in the estimates. The
grand total estimated cost for the pier was therefore $28 million.

Cost _Comparison

The cost of the floating pier structurc hes been compared to that of a
fixed pier structure. The unit costs for the floating pier are shown in
Table 5. Three different unit cost figures have been derived. The first
is the total cost of the structure divided by the total cubic yards of
concrete. The resulting in-place unit cost for the concrete was $1,080
per cubic yard. The next two items dealt with the square footage costs.
If the floating pier was considered as only having a 75-ft. width over the
length of 1200 ft. then the unit cost would be $200 per f1.2; however, if
the width of both decks was used, then the cost would be divided by the
width of 140 ft. and length of 1200 ft. for a unit cost of $107 per ft.2,

These costs can be compared to those of the Hood Canal floating bridge,
which is similar to the | roposed pier, and to those of conventional fixed
pier structures. For the Hood Canal bridge, the total low bid cost for a
causeway section was $60 million. This cost included 9 pontoon sections
and three specialty pontoon sections, and mobilization and anchorage
costs. Other included costs, which were removed from the total, are:
clectrical work at $1 million, and removal of old pontoon sections at $2
million. The average cost per pier unit amounted to $4.75 million. Each
of the normal pontoon sections contained a total of 4,010 cubic yards of
concrete. The resulting in-place unit cost of concrete was $1,180 per
cubic yard. The higher unit cost for the Hood Canal Bridge is probably
due to the more sophisticated mooring system (a mooring line tension
adjustment system) than that of the floating pier. Otherwise, the costs
are comparable.
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The unit cost of conventional fixed pier structures is usually stated on a
square foot basis. Today's costs range from $10% to $120 per ft.%. The
higher cost is generally related to areas of poorer soil conditions. These
estimates are substantiated by a recent report (Ref. 7) conducted for the
Los Angeles Harbor Department which was completed in April 198l. This
report stated that the cost for wharf type facilities was $100 per ft.2
(adjusted to 1982 dollars).

For comparison purposes for this report, a unit cost of $105 per ft.2 was
considered an appropriate estimate for a finger pier. The floating pier at
its full 140-ft. width has a unit cost of $107 per ft.2, which was
comparable to that of the fixed pier. However, at this stage in pier
development it is unlikely that a fixed pier would be built at a 140-ft.
width. The question agrises as to determining the width of a fixed pier
that would be comparable to the floating pier. Pier 2 in San Diego has
a width of 120 ft. and represents the current state of the art for Navy
piers; hence, this width was selected for comparison purposes.

The total cost of a fixed pier at 120-ft. wide by 1250 ft. long (the floating
pier with ramp is 1250 ft. long) and at a unit cost of $105 per ft.2 is $15.75
million. This is the cost most comparable to that of the floating pier at
$18 million. The floating pier, therefore, costs about 14% more than a
fixed pier.

If first cost is the only criterion, then the choice would be for the fixed
pier. However, the floating pier has certain features that make its life
cycle costs less than -hose of a fixed pier.

Life Cycle Considerations

Table 6 shows life cycle considerations for both the fixed and the floating
pier for a design life of 40 years. For the concrete structure itself, there
should be practically no maintenance or replacement costs for either type
structure.

The piles for a fixed pier would be precast prestressed concrete which
should not require any maintenance or repair, except in case of accidents.
Piles for the floating pier are steel, and will require maintenance.
However, with a proper corrosion protection system for the piles, a 40-
year life could be assumed. A common system is by cathodic protection
for below water, and by fused epoxy coating for the splash zone. One-
quarter inch of sacrifical thickness is also provided as a safety factor.
Replacement due to accidental conditions has a lower probability for the
floating pier because the location of the piles is along the center line of
the pier. There is less chance for collision of ships or impact from a
dredge cutter head. If damage does occur to the steel piles, they can be
easily replaced. Openings are provided on the main deck for removal and
installation of piles in the future. This would not be the case for the
fixed pier structure. All in all, one would surmise that savings will result
from the pile system used on the floating pier.
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The ramps on the floating pier will require maintenance but should not
require replacement. The cost for the maintenance is assumed to equal
the savings from the pile systeni.

Fenders for the fixed pier arc assumed to be wooden fender piles and log
camels. This type of fendering system definitely requires maintenance
and replacement during the life of the structure. Maintenance is
constant, from small damage to major replacement from collision of
ships. Depending upon the harbor location, wood boring mollusks can
destroy wood fender piles within 7 to 10 years. However, field reports
show that wooden fenders are replaced at such frequemncy from ship
damage as to eclipse the problems due to mollusk damage. The life
expectancy for a wooden fendering system is 5 years. Using 1982 dollars,
the replacement cost for a fendering system is about $200/linear ft. or
$500,000. The prorated yearly cost is $100,000 per year, per pier.

The cell fender system for the floating pier is a relatively new
development. The fenders have been used in the field for only 15 years,
and during this time period, no maintenance has been reported for their
use. However, they can be damaged by berthing ships. Damage occurs
when the bow of a ship strikes the side of a fender. For this to ocecur,
the ship has to come toward the pier at an unusually sharp angle, which
is possible but unlikely.

The cost of each cell fender unit is on the order of $20,000. The spacing
for the cell units on the floating pier is closer together than on
conventional piers, so the probability of a bow striking a fender cell is
reduced. Assuming the damage rate is such that one cell unit per year
per pier has to be replaced, the total maintenance cost is then on the
order of $20,000 per year in 1982 dollars. The saving is $80,000 per year
compared to the conventional system. Over a 40-year life, about $3.2
million (1982 dollars) is saved by using the cell-type fenders. This item
alone appears to justify the higher initial cost for the floating pier
structure.

The utility systems for both the fixed and the floating pier will also
require maintenance and replacement. The difference between the two
piers is the transition from pier to shore for the utilities on the floating
pier. The flexible connections on the floating pier will require extra
maintenance and periodic replacement. Assuming that the flexible hose
connections have a life span of 5 years, and that the replacement cost is
in the order of $50,000, the total replacement cost during the life of the
structure is in the order of $400,000. This added cost should be offset
by the savings from the use of a modern fendering system.

In summary, the floating pier is more economical than that of the fixed
pier from a life-cycle standpoint. The higher first cost of $2.25 million
and the added costs of $0.4 million for utility system maintenance is
offset by the $3.2 million savings in fendering system costs. An
additional savings for floating pier results from the rapid turn-around
time for replacing an existing pier. The value of having an operational
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floating pier 12 months sooner than that of a fixed pier is difficult to
| define. If the Navy were to rent a comparable pier, which it cannot, the
i value would be approximately $100,000 per month or $1.2 million per
} year. In addition, during the 12 month period, four ships every three
f . months, can be berthed for maintenance and refitting of equipment.
{ Without the pier, these ships would remain in less than optimum operating
| conditions of military readiness.
i
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10. FUTURE PIER STUDIES

The following are considered problem areas that requirce further developmental
work during the design phase of the pier. They could possibly be resolved
ahead of time and therefore make the floating pier concept more attractive
to potential users.

10.1 Dynamic Behavior of Pier

The dynamic behavior of the floating pier needs to be studied for both
normal and extreme environmental loading conditions. Operating condi-
tions may be affected by the motion of the pier and inhibit certain
functions; for example, truck cranes making heavy lifts to and from ships
could experience excessive loads if the pier moved in response to waves
in such a manner that the load was increased by an apparent added mass
factor. The response of the pier to normal wave environments should be
determined by analysis and model studies.

The response of the pier to extreme wave conditions from storm
environments needs to be analyzed. Resonance created by certain wave
environments should be determined, and the structural consequences
evaluated. The damping effect of the long, torsionally stiff pier, with and
without ships berthed, also needs to be determined.

Likewise, the response of the pier to berthing of ships must be better
understood, e.g., the absorption of energy from a berthing ship by the
piles and by water displacement.

Another topic is related to the dynamic behavior of the pier subjected to
seismic loading conditions. Studies of simulated earthquake conditions
should be made on a model to determine the behavior of the long narrow
structure for the various types of anchoring systems.

10.2 Anchoring Systems

The different type anchoring systems need to be analyzed for different
type soil conditions. Batter piles will be appropriate only for certain
types of soils because of the uplift requirements. There will be certain
cut-off depths for which both vertical and batter piles become too long
and therefore uncconomical. The trade-offs between the pile and soil
conditions need to be analyzed to find the optimum conditions for each

pile system. The dynamic response of the pier will be influenced by the
anchoring system.

10.3 Pier to Shore Transition

The utility pipe transition from pier to shore needs to be studied to
determine the necessary hardware systems for the task. The magnitude
of movement of the pier will be determined from the dynamic analysis

study. These data are critical to the design of the flexible connection
systems.
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10.4 Floating Form Construction System

The floating form construction system needs to be advanced another
stage, to the point where a decision can be made on whether to proceed
with this alternative construction method. The advantages that can
accrue from this construction approach appear to justify its full
development. It will greatly enhance the capability of the Navy to carry
- out rapid construction at advance bases, and at harbors where on-land
! construction sites are not readily available.
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11. SHIP MODIFICATIONS

At present, piers are designed to accommodate ships with little attention
given during the ship design process to pier facilities or functions. The
purpose of this section is to have pier designers propose ship design
modifications so that an improved interface between ships and piers can
result.

11.1

11.2

1.3

1L5

Navy Ships Without Protrusions

The sides of Naval ships above the waterline should be kept clear of
protrusions. This modification would permit several types of modern
fendering systems to be used on Navy piers. Wooden fendering systems
would become obsolete and a major maintenance problem solved.

Lower Elevation for Electricgal Connections

Electrical connections on the ships should be located on a lower deck
elevation. This action will assist in minimizing the length of electrical
cable running from the pier to the ship. Extra cable length imposes
handling difficulties and power loss from resistance through long cables.

High Voltages

The ships should be designed to accommodate higher line voltages from
‘%e pier. The present power requirecment of about 6000 amps at 480 volts
for certain combatant ships justifies higher line voltages to reduce powe:
costs. Safety is a separate question; however, aircraft carriers presently
receive 4160 volts.

One Location for Utility Hook-Up

All utility hook-ups should be made at one location, preferably at the bow
or stern. This action would considerably simplify service operation by
reducing the number of utility outlet locations on the pier.

Side Hatches
General stores could be loaded onto the ships easily in containerized
packages that are pushed into side hatches on the ships. Because the

floating pier remains at the same elevation as the ship, side hatches could
be located to receive material from the lower deck.
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12. SUMMARY

The floating pier has a number of important advantages which make the
concept highly attractive as an alternative structural system to that of fixed
piers. The pier will improve services to Navy ships because the pier floats
with the ships during tidal variations. This allows for a double deck
configuration, and improved operation where main deck elevation is more in
alignment with ship deck elevation. The floating pier also permits the
replacement of the wooden fendering systems with modern, low maintenance
systems.

The floating pier is of significant merit when used in replacing an existing
deteriorated pier. The new floating pier is built off-site and outfitted with
utilities before the existing pier is demolished. Once the existing pier is taken
out of operation, the floating pier is quickly installed and in operation within
six months. This procedure is compared to that for a fixed pier which requires
18 months construction time. Using the floating pier approach, the shore
establishment has an operational pier 12 months sooner than a fixed pier.

First cost for a floating pier structure is about 14% higher than that for a
fixed pier. However, after life-cycle costs are considered, in particular the
saving from eliminating the wooden fender pile system, the floating pier
shows an economic advantage.

An innovative development from the floating pier concept was a floating
construction concept. This development allows construction within harbors
which lack on-land facilities, such as flood basins or graving docks.
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TABLE 1
| SUMMARY OF SHIP CLASSES

{ OVERALL | MAX. MAX. DISPLACE-
; LENGTH BEAM DRAFT | MENT
; SHIP CLASS (FT) (FD) (PT) (TONS)
!
CG-47, GUIDED 563 55 31 9,200

MISSILE CRUISER

D-963, DESTROYER 563 55 29 7,800

FF-1052, FAST FRIGATE 440 47 25 4,100
3 FFG-7, GUIDED MISSILE | 445 47 24 3,700
% FAST FRIGATE

AD-41, DESTROYER 643 85 26.5 22,800

TENDER

-A43-




TABLE 2
SUMMARY OF UTILITY OUTLETS

MAX. DISTANCE TO
AN OUTLET (FT)

NUMBER OF OUTLET

LOCATIONS FOR:

TAILORED LAY- | CONVEN-
UTILITY COMBATANT | DESTROYER | OUT, THIS TIONAL
ITEM SHIPS TENDER, AD | REPORT LAYOUT®
ELECTRICAL 80 200 4 4
TELEPHONE 80 20 4 4
STEAM 20 10 16 14
POTABLE 20 40 22 14
WATER
SALT WATER 25 50 22b 14b
SEWAGE 30 40 18 14
FUEL OIL 25 70 14 14
OILY WASTE 25 40 18 14
COMPR. AIR 25 50 14 14

& MAX. DISTANCE TO AN OUTLET FOR CONVENTIONAL LAYOUT IS 75 FT.,
EXCEPT FOR ELECTRICAL WHICH IS ON THE ORDER OF 200 FT.

b DOES NOT INCLUDE OUTLET VALUES FOR FIRE BOATS.
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TABLE 4
FLOATING PIER COST ESTIMATE
'f ITEM QUANTITY UNIT PRICE COST ($M.)
_- CONCRETE 16,600 C.Y. $ 400/C.Y. $ 6.64
PRESTRESS - STEEL 1,535,900 1b $ 1.50/1b $ 2.30
REBAR - STEEL 1,220,000 1b $ 0.50/1b $ 0.6
f PILES 2,911,600 1b $ 0.75/1b $ 2.18
'z RAMPS 340,000 1b $ 2.00/Ib $ 0.68
|
i FENDERS 188 CELLS $ 6,500/CELL $ 1.22
{ FABRICATION METHOD | FLOATING FORM, $ 2.00
| FLOOD BASIN, OR
r. BARGES
TOW AND CONNECTION $ 0.50
MISC. 10% $ 1.80
; ESTIMATED TOTAL STRUCTURE COST = $ 17.93 i
SAY = $ 18.00
ESTIMATED UTILITY COST $ 10.00
GRAND TOTAL PIER COST $ 28.00
~46-
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TABLE $§

UNIT COST
(ESTIMATED COST OF STRUCTURE = $18.0 MILLION)
ITEM QUANTITY UNIT COST
IN-PLACE 16,600 C.Y. $ 1,080/C.Y.
CONCRETE
ASSUMED SINGLE 75' x 1200' $ 200/FT2
DECK WIDTH
DOUBLE DECK (75' + 65') x 1200' $ 107/FT2
WIDTH
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FIG. 7
CANAL FLOATING BRIDGE PONTOON

PRECAST CHANNEL-SHAPED EXTERIOR WALL OF NEW HOOD




FIG. 8

PRECAST I - SHAPED INTERIOR WALL OF NEW HOOD CANAL
FLOATING BRIDGE PONTOON
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FIG. 9 RENDERING OF FLOATING CONTAINER TERMINAL FOR PORT OF
VALDEZ, ALASKA
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FIG. 14 PROTRUSIONS FROM THE HULL OF A DD 963

FIG. 15 PROPELLER GUARD PROTRUSION FROM THE HULL OF A DD 984
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BOLLARDS & BRONS
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FIG. 23 JUMBLE OF ELECTRICAL CABLES MIXED WITH OTHER HOSES.

FIG. 24 NEAT CABLE LAYOUT AT PIER 2, SAN DIEGO




CreECRED

mhawnN

0 SGN

RO FCTN

[1a @Ol (PgR UNIT T
73 L 15 BAYS @ 40-0" » 0O'-C”
., E ; 4 T
HHORE L r f
A p ) ) g !
! B m r L '
] | g | ; | I r;
| 1ol s cf Of Ct o
t : 5 ,
y ; . :
| 1Y i} o~ BULK HEAD I
| + : ‘ |
4 A
PLAN SEC g
4 .i-0
1s5'-0"
g ol @5 -0" ]
I 50
: | A
I | . : X
! R . a . ! {
T -
Coo. SERVICE (
. WALKNAY g
o — t
V—w»uvw !
0" WALL AROUND '
PILE BENT ™~
i 1 A ;
~——— - - r r= » . . . . <.5 LA S AN
'(3 ~— ﬁ-‘r—lf — 4
.v.‘ | L}
- — PUOYANCY ' !
CHAMPE RS — i
o 1
. | 1
. o\‘ T e .
L
TYPICAL CROSS SEC
P
STRUCTURAL ENGINEERING
310 Bov . B Preroeco. Ca BM33 Y 418 BBE-1080
INTERNATIONAL




©@Ol' (PIER UNIT 1, . 0! (UNIT I
15 BATS @ 40-0" s 00'-C Lo
e .
, Pow)
A i g ‘ I 0 N R "y _"1’
: ! L } | L w |
4 ‘ ‘ > i ‘ b« !
- — - — = o T ] =t
°r g " | |} | | g REE
C - Ja¥ Ict - b e o N
- P b d 4 - - N 3 %
| ; | ) ' .
: g o ; ! : .
A i . ’ ' !
: = sy —i'
ot
-
PLAN SECTION =©
4 -i-0 !
15'-0" o B o .
o5 -C7 e 5.0
] 5‘~D.
; ~METAL GRATING
( ——— o
[ { 4
| ()
i f w
‘ e BHEAL. PALL I
i , 4+-0"
| SOVER—| i
. 1 — CELL PENDER
1 " ’ s
4 i m\':+ o T —
. ) —_— s o Wi
,.' w, .la
! 4 SN
3 SN mnnnn ot - ) = NS
| T _ suovancy i
i i crAMBERS o
N —~ ] ©
PULRNESD SPACED
. AT 40' L @
. ' —-q---—L-———Jr———ﬂ \.—_\ — —g—— .‘:-*‘—J‘_ s '/
h . __-_' - ——— b * L] PR . il . L . L
| I
N ]
| |
L_/O <
TYPICAL CROSS SECTION AT PILE BENT
Q LI
[noi REVION | cate
maed For ' Do - .1 SEEYT TITLE E-EETY N°
F 100% TET TYPICAL CROSS SECTION AT PILE oRAwING
- -4 + sROECT 1
e e NAVY PIER DESIGN CONCEPTS

d..—.




/04' Cews
L9490 _Lea r—s&ﬂ
= ; L v
‘\L‘ ?' ' ' LN 1
.’ * -
N I A —p— A hd i 1
|
- +.0"

CHE CRE () e

ORAWN

OF SIGN anm—

SHEAR WALL /T)

1" 0" \z/ J
- 15.0' - 50" D06
™ b it
i X T | % 1AM, ABUT
B ! o8t _[l‘-a'_ 2'-10" o
e T
-s \‘s . ] ..3 {
;_.' NL ! [\ 5
7 Ny TR _ce L v 0 v i e SoA enr ey L ;‘-T' TRt
;».t“." “,.;.-‘..ucﬂro‘.0.000'0_0-0'”--‘.10,"-_o.' 248 » .y
: L]
L/—ib'ﬂb'wu‘
1 ‘ .9
5. o ez . 10-1" ;ﬂ
2% 4s.0f we || 17'-6" b
4 40" Jol sion o4 sol_|[W] so | szt |
Rt - e 7 — + -~
T 4 ! o T T T wl .

31_5- (',‘u o'

\. |
g
¢
»
-
b
S

.

'

_9

.‘AI —— Y " i b ! t
') [ -
o : y 1+0& 4 STRAND
= \ TenvoNS @
'1—9. \ 2}-9*0.c. N
S o . LTI 3
° .S‘ —1%'e pae TENOONG  — | ° 9‘
- N ' -~
I

@ -9"0cC

! &2 TENDONG. 8 246’
NOMINA L !
® |

e~ 4-00 @ STRAND '
// TNWNG_ 1-04'g arkavo
’

A2

PROFCT N e

318 Sey Sr. Sen Areromco. Ca e d
N B3R Tt (4181 BBE-1Q80
INTERNATIONAL e | [ —




_—*4 [Reir'ce

.z Ve lo!
—u s !——5'5
) L | = -
L L J L
P . < . * ! N .1 . ¢ [
v . 1 9 : z : 3 p L —*4 D
. ! ' 2 . & 12rcc
- . 3 ; . -
—t N N i ) P . ' @~ &
i =
-0 g e
S Sy L T 2-Q0@x"] STRAND
Plo Tenoone COLUMN /B
' -0 2/
MEAR WALL /D e =
' O N/
BEAM
"= o z
o" @- '
% HTvm. ABOUT +50es” | w5 e s ;50@9 oTIeRUPS For BN
. " L/4 /2 (TIP. Acroes PEcK )
2-10 L4
) i - &-0.'2 B1RaND }
' ‘s TENDONS| @ V-0 0. ulw i
DY =
RTINS S T TR Ay - Ve
.o.-....o‘,,-oo X v'.'...,'.','...'.."........
N/ .
‘ l
1818 co. i -
'0 | 'Q
. o : 65 i
10-1 [y \ $— [
12'-0" '
i _1-00'P s1oAND
8.0" 5-2" ! /" TENCONS B 2-(' NOMINA L -_5,“‘-’_' N
R o )
: L2} i J -
1 | " v vr—v—u
' \4-a(p¢ﬂwp |
| TENDONS @ 1-8"0.C. ;
10l ¢ STMD 3
Tenpone G X d NOTE :
- 9%0.c. i
2+ 3 . BUOTANC™ Lb . EEBARS NOT ©HORN
-6 CHAMPRRS 0
9 L )
d
2 g
. \ P A
N7 : 'YS ,/
y —_‘-_77 .7—- o_awin T — . -
52
JYPICAL CROSS SECTION &\
o5 |-C \2/
[~o ] . VEON [oaTe
wesd For Owte | By ®wET TOLE SatT N
00 % e 0t TYPICAL PLAN & CROSS SECTION ORAwiNe
b PROJECT 2
sse-1020 2— NAVY PIER DESIGN CONCEPTS
.




CHE UNE D) e

(9 2T W, "LV}

It S P

N N e

t
v |
N 2o - B PEOPL -4 Lﬁ 40 4P_pAY I
OLATION fOR. J - : |
CONNECTION OF I - POR RAMP DETAILS . BE PNG. T { i
PIER T 1TY PPES { | + 3
TO UNPERAROUND | et —
?PES ] —_— .
10 ~ -
_,’J _r"i—’*“' \T\FN ’ — bk IDIN“ P., ! ’
- ‘ T +10’ !
o RETAININ DG { - Lok, —
. Ve . Y=== ‘ R
< WAL T, - . 45 T T = T
) Y _—~FIKEP END HLUPING END._ ) .
1zt ! T R T
1 ) B
: 0 o
| — MG INATER ! ; LM
k e —————— ———
E.QO M.uin , Lot
(SN e
5 SHEETPIES - o
|-("‘13'0' - -
EECTIONS
Z.
< AT
: {\‘”*;,‘.
LL ‘5’:—-.,:%
Zas '\‘5’0.\
’ PRV S P Ormatan v e e T e L TS L KA Gl o e Cacaat e e te gre o i ALY

ELEVATI(

=10
! | POR RAMP DETAILG, SEE OWar T ﬁ_ ﬁ
H
! ~ T [ — —
i i 1
! RAMP 1O 3 : ‘ : - |
LOnER PECK 3 i ) ! |
BEl ‘
. ] | | N
50" C ~¢OLUMN
! ¥ [ tj-. I [ —— b }L
l ;r vy I | .- : PR
Ramp. 10 . \ : | x O.\ X
‘ urme ke O i : ) ‘ : -
' ——— Ry B A — e - Sl R
e - L e At M
; [ ; “ i /\
' 1 oy ' ' [ ' J
i | [ [ — e . —_— .
’ 1 ]
L g L;—'—'T_J; | . va ol IL.‘
i |
* 1
—pup 10 3 '
5 \
LONBR PELK ¥ |
i -cumg -
! 1y
~ ———r
/
! /
» I =
| I
| MAIN DECK
'rg 0'
.. o
100 7o
S
STRUCTURAL ENGINEERING —
318 Bev Bt . o Prenomco, Ce B4133 Tat 1815) SEE-1080
INTERNATIONAL [

PF ™




o —————————

©ai ‘
S [ I o S . 0! o
L 40 TP par .
v . [ T l RS T _ A‘jj/l:__. e — T 7 : VAN PECs.
|
: Wi
- S . 1 / ]] 22 | - ’
e 0y — — i Y ~OWER CECK |
= ] O S
A | SRS | ’_\r_ — [ENEE—————
Lo - ; . -
FENDER o - — - 4* . ‘\‘)
/ _‘ *
_ I S — L S -
7 o adtcan s e PRGN . ey P IAF A e s A S e A MACEEArcaanll SO v mecrar A LAk AN o e o /I e e R -
- - -
_—El % o -
ELEVATION , e
‘=10 47T myceona £Y NDER TIPE
—_— LN T ‘ T:
i L 4, o~ L |
. e— - ——— - — . — = - —_ e = {:
N v
! L i
I i :
| P
LOLUMN ' ' - < I
e He gl b pos s IL F;
— — - ’ qr _1'
- L . ‘ X - u
. . .— N 1 - o
— ' —~ I -~
J 1 f . vl
ot s =Ty
. - !
t . e r
F ‘
' - !
\ |
) -t
-—_— T T T T T L LTI/ —
P—A‘
! i ) T
F A et e e 4 e—m———
'MAIN DECK PLAN
" (]
I oo [~o WEVIBION { oave
meund For . Oute | By BEET TITLE S|y N
nme R Jaee g1 ELEVATION & MAIN DECK PLAN bRAmING
- . i PROJECT - -
T 415 pme-10%0 - U }’"NAVY PIER DESIGN CONCEPTS 3




(912 J ol { 2 o S —

DESOGN e (YA WN e,

— PROECTN

; &0
. J‘ _ _J
— T ! |
| ﬂ; 2
7 ] we
CYJT;::L PiES Ol
t o i — B
% ﬁ‘L —
L—i '* “:

PONTOON FLOOR
"800’

INTERNATIONAL

STRUCTURAL ENGINEERING
315 Bay Bt Son Frerowco. Ce. $4133 Tu 4181 8881080

—




—
i
{ —_ L’./M]—# T
i — | 1 | LIKL
F*——‘ f T T]ll Tk ® ]
_______ 4 . e e P | w
;:::__ ===== [F==3 J:Ht-:ﬂ: _____ At e — CJ[#:__:-—:B:-—«-—-—‘— T ]
Qs (i R
PLOLUMN S il -\‘
A-TRANGVERSE ' ,I 3
~ 1 TeNooNg t i 1. ™
} . ! - -
::::::&:::::: —= dF:J === (flEe== —_—=—= ﬁ —_
C—sgag i o 9
NALL i Liy 3 R
g oo WL ; 3 %
[ 8 1 ®
o [ |
::::::B::::::[].:::d::q;:: :tb::::: —-—== :::DD:‘::::::: :::::::Ebr— ————JL
I :_.; .
- | ( T
i i | = i 3
o'® | | ®
: | M
=== i ===== —— ‘-:D‘:::::::q',:—:::::1;:]&3::::-1;::3:::::: P .
l.hiﬂ i bl
P K T T =
ER DECK PLAN ‘
_ZONNECTION BETWEEN
R4 / PIBR UNITS, OEE PRANING 5
# I { ‘j 1
L I
i )

214"

l L

|
| ] — ‘ | |
sl Jgtes || O | | O 33
. - ’-‘ “1 a ‘(l\){
o ‘ ' ! . L
y J [-—__—'——- (- 1l ‘ T :
” = ( A : - ] . [ |
- L_R ﬁ B ’ WATER
S‘ ] o WNE R

M@E' | @

FLOOR PLAN

Inol . VRON ToaTs |

W EET NO

CE L) peel By | |®=T™ | OWER DECK & PONTOON FLOOR PLAN onawme

e |ATREL
R S BRC. RCT 4

")~~~ NAVY PIER DESIGN CONCEPTS

T




. P P
0’8 9 ool

[ Cd

v e
[ R KX 5

20

b2 08 I | L
W] Bl
. 3
31 o *
. ap
bhd S bt
. R
248 "
o‘.m W d o m wm mw m)ie
. W oo O oo o0 a0 on)'e
4[] jinp——
f h{
om ¢
4 L I wm«
(]
L ol %m.
| s
b4 s
N .

SEC

%e1-0"

kel

Y N4

MWH.x-

—]

1%.o0"

L § }
- ._....It.lw.llf..l.nq,q
i) it
[
|
. |
5 !
; ]
M o “ -
- - i

.
—— e ——— e —— s — ————

CONNEC

a0

100 %o

318 Sey St Sen Areroeco. Oa B4133 T 418} SEE-1080

INTERNATIONA L SRR

— W D

NMYEQ

SN LD IO




-. o . l- o.' ] u.;c - ;v o7 o " "-in' l.'. e ¢ . - 0 ,o'rA-'.‘."’;;.;"v' «:r‘-..": h 2
=
S L
i
'_.‘ e T*eT® 0.8 [ * >
Y a [ ) an
Bls & ‘ ! | ' |
| | ! I
{Biprai : o i
‘ I 1o P V
BiMB —i o i
| - N
B El‘ ; | { | !
oo ! I !
8 .ii Lo Lo
i . | I .
BfRE! } H || !
)< e —— - o
N oD
f"';A'_L‘a?-u .w ,:u v L Yo e
\ ~— LONER CONNECTION
N\ TENQONS
SECTION /& \\ LONGITUDINAL TENDONS
%10 N4 (TRANSVERGE TENOON® NOT HOWN,
Sk DXARING 2)
. —PLATE
1/ | __MAIN DECK
v - - . L_,!,_- NERY S “.
i , ] <
150" . L -3 i ,
50"l b im0 - —‘ |
: . | [
: — ‘ | LOWER DECK.
E Y N
}' { SV TeNDONS , !
] 4 §) | —arour Py ¢ arsve 150 l
7
L
121
14l 3 T
-5 | |
____.___.41.4 -
' J '. '! ol i
~HT T — ) PONTOON
CONNECTION - SECTION /&
/& e -0 N5/ fno ! A VION | bave
g For Dete a8 SEET TITLE SEET N
T _Dee UNIT CONNECTION SECTIONS omawna
SR O F—‘—J PROECT 5
———- — 7)——NAVY PIER DESIGN CONCEPTS

T




CHECKED

DESGN e, DRAWN

PROECT N' e a————

|
2'conc ‘j, .

covee to

REDAR. ¢

3¢ TO
POST-TBNOIONING
pucTS.

!
‘
!
i
.
|

4 FILLET

(T17 0.N.0)

#4 [\ Citlac.

JACKING END -
\ ‘/VVEN‘. TUPE
J"
- ‘ 4 i . 1
- vy ; M ™. & .
@ - @;Q \\ ﬂ 11
~ " ’ '. . ; 2,
Zilk
- )
1Y —1seak %0
F N Y4
Al GHEATHING

1] 1 - -

*4C 12°c.C.
\\ \\T. 406

*4 € 104'ce

ese0ce. T 46

SECTION /&)
"ei-0" \& /

- END DETANL ¢
NUT & PL (%8
(PEAD D &7

|'x .o \ @/

VERT. P/ :
P X
l N N
t y \
w4 2 12'%.c. E.N.
1 4.8 (T1¢) 4
L ELAFIOMER : - T
= - 4 et :
. T - I
g — = —-},—z&'cwn 1 o
T — DucT i
w2z © (ouTewe) : |
REBAR |
- C -l
+ L -~
_ TRANGVERGE Pis DUCT: - [‘l..____r qsu
/st e 1-9ec. (T1P) 1
i Te .- . P ! - PRAD gnD i
y Zamwn e = . 54 €. ER
T . 2-44" L (11P) :
N LONG. P/S DUCT!
2" & 200, (T1P)
PONTOON SECTION /&\ PARTIAL END VIEW AT JOINT
”"ul"ol 173 |‘;‘-x"0' 1
(Tor 8 BOTIOM S4B &
BATERIOR. LONGITUDINAL NALLS)
100
STRUCTURAL ENGINEERING
318 Boy . Son Freronco, Ce. B33, T 418 SBE-10B0
INTERNATIONAL




o pLi g o9
1% e or 150 Bz TENDONE
IN 154 10 CORRULATED

SHEATH No
Wit GQROJT TURES

- VENT TuPE

1% 7 at. 50 Bar TENDONE
N1 e @ CORRUGPTED
SuELTHNG & 2-0 c-2

.

v

L 1]
H — AROUT TuBE PES. /TN
. . /“

— - B - _ ;
:  TRANSVERSE ©/5 : —_——-
T~ END DETAL. - . i'-2" LY ] c L b T‘ >
NUT & PL Sas540. 0 ‘L?m-' 5*“"':“1”79'_ 5-0 | PET
5o @

(PEAD BND a7 potiom)

R=ZET MiN.

| _R*72 Fr mwy

PARTIAL - END SECTION /&\

[
(74 ,/1..5“.0- \2] <
- GROUT VOID SPALE
VERT. #s5 / l
V%' & 1090 ‘ T A \
- — —
2o — INGERT B " -
o A =% TENDONS FROM . }
a4 C J ", ™G SIE ST
- 9 | TTT e k0.6 d STRAND
1 ‘ . : . TENpDONS, FULL ]
FET ! b o LENGTH OF PONTOON
0N 5 : SELTIONG .
> e —t
= !
o 1 SpPiaL RENFORCEMENT
. (TP POR L0.4G. P/s)
N .
:o ) i “~~— PERIMETS® PERIMETBR GPOKET — . & CONE. NSERT .
‘ arexeT (BOTIOM & $IDES) J 4’2o
t (e ELAMTOMER. . PUROMETER . .
- HRATE 80 * CEMENT 4 B E

INTO 4" PORMED RECES
IN CONCRETE . PROTELT
PURING TON.

EW AT JOINT /B
e/ DETAIL @
iy .-

o | REVERON | DATE

e D By [T UNIT CONNECTION DETAILS onAwNG
haou!cv
O NAVY PIER DESIGN CONCEPTS 6




DESIGN cccmms  (TTRAWN e CHE CRE D) st

PROECT N st —

(- o-o" TP G-O" TYP.
$ 1 1[—
|
| ©
: ﬁ R Y
|5 1
L _____________1 dl—
37 | E
. 4
e S — “
oL PIN ’J ] ‘W"N ﬂllg"z
I ——aRouT PAp [ e ]
L8 A SLIONG END
FIXED ENpD
TYPICAL RAMP ELEVATION i
1"mi-0"
(

RE G S

8700 O ooooo> p ?
rmro=u% s;%ﬂ-:

000000
kMANGING-

EETTEE
AMACKE

SECTION 6)
¢'=1-0°

SECTION <£>
e ito"

INTERNATIONAL

STRUCTURAL ENGINEERING
318 Bay Bt Son Frencucy. Cs. S4133. T 1418) SER-1080




~ PR
-2 AC. " (CHECKER P
A - /

||> 10-5" —

Lo i BRIDSE SAC
| PL 1252 ! WITH BLIDING

' ‘ STEEL PLATE
¥ - “ LPL Ygx P4 STENRS ®G-0 cc H

~ PLY n 85I WEP !
—_

° ) STFNRS
b L _cuee cilosi11 /ﬂ_;‘,b $12' ce

PLig!

4 X

LK A

“« . d
K . - .
- .. .
b - e

a) 2 2

| -PL 2216,
L V€60
_PLI*T . cc

PLIprIe "
! i z-B @ ASTM A 325
HS BoLTs

SLIONG ENRD

SECTION ./ A\
*z1-0" .

(ALL STEEL ASTM ASL)

— PLATE GIRPER

SHORE 7,
TTTT, : j,'
00 0004=y L |~ BAMP O LORER. DECK. : - -
GM CAFO PN O § i ] |
="OO°°OC [ R CELLULAR s
EETTEE ‘ ABUTHMENT. HEE.
' DHa. 3 — HO9E W
- :::ig‘, 3 : — RAMP TO MAN DECK. jij | /" coNnECTION X :’3
I == o} 0 ’1
. ANy
L ' e 3 1 i
T ! ——— @ - : "‘?
: ! G —— Se— 1 |
| ~ T
! ' = D\\L ’
SONIVEL. JOINT | ,'
10 UNDERAROUND ! ’
SECTION . Piree L@
L We1to" \7/ : )
) ‘ Y i wl - '
o
7 [ — gAMP 10 LONSE DECK. i
UTILITY PIPE TRANSITION FROM
PIER _TO SHORE - PLAN
s
jno |
meusd For Oete [ ] -SET TITLE
oo N RAMP & UTILITY LINE DETAILS
. PROJECT
1; - NAVY PIER DESIGN CONCEPTS




DESGN e ORAWN e CHECKED

PROBECT N ces————a—aert—

@wol  (PIER UNIT I) - wot (P
SHORE SHUT - OFF
u1'||.|<r~rd 1 /vALvll () L~ UTILITY LiINES
LINES freTs - y ——
ol § : .
RAMP 2 ss0 | o350
RAMP Q - ) AN A & Lol —
b ~ COMBATANTS T AP.Bon - ouT
S SHIP BERTHING LOCATION Som-out LT
L COMBATANTS ¢ AD U MARKE. ) AD. " COMBATANTS .
eow - 1N PIRYT mnowuw:"mm. L:e * 1 sow- in * % b
WHERE. BOW BREAKS THE. LINE .
MUGT LINE UP WITH a::i mae BY - PA s SYSTE“ FOR UTlLlTY P'PEL'"E’
on PR W oske FoE s—‘s_f_mp BERTHING LOCATION GUIDE
.t“ 60‘
—_—
55 w / TP, BPOLLARDS . . ‘? ‘ /t—
n ‘
Pr ca FO_P o
on Ony o S rov"“fo:_g-g 0 P _cA S ‘m
FO 2 o 1o} Ui 4 o ry S S S—— S ~w— — S S w—
73
! v TRASH NEW & TRASH CONTANERS  caRGO
! MAN PECK ¢ orse pEcK e eLec *—E—L
N .
! L LianTs r"' T T TRANSPORMER = g
; - r"L] as . N ' vauLT — . N ;
- — I ¥ _|
T 1 \ L Y- oram: | ! =L
E/\ . ' e . »——-E_-_-
R 1 SRR
P o o
FOo v o3 Tvr—v Lo B4 v v v - L J v X v v v v
g | : : T :
! 70 " ;
on P osn ::“ [} [°] ON oM o [ c«’ofn on PR CcA\ M
ow &m
B S
L 9EE PRANNG 1 FOR PETALS o
UTILUTY PIPE TRANGITION P ;
PIER TO eHORE. UTILITY AND ELECTRICAL PLAN ( UM
1"=20°
_
_UTILITY PIPES LEATED 53,';{,".2'.. n',: //
. N .
p UNOBR MAIN PECK TRAGH WELL~ /‘ B TRioaL oM .
LA LIGHTNG TRaoH CONTANGRS- 7 Well ) SNICHING GEAR.
% (2 2 g i A R —
Roeaps ¢ U =¥ — e e T
! - I ' “ N
. ' s =
: ! TRANSPORMERS i Z L |7 ||
_————e—— F-A....._-_u

rasso spbor—’ K_

~

o~ - [S] ~ [¥] (V]
UTILITY_AND ELECTRICAL ELgVATli
"eg0’
]
STRUCTURAL

INTERNATIONA L

ENGINEERING
I8 Bey Bt Gan Frunsiase. Ca. SM33. T 415 SERAORD




@O (PIER YNIT X))

6™ ©TEmw
%) POTABLE WATER-
on GALT  NATER
© SENAGE
Fo FUE_ Oi.
on OILY  NASTE
oM COMPREGSED AR
T TELE PUONE
. VA LVE
v SMiP PERTHING LOCATION GUIVE MARLS

COMBPATANTS & AD,
BOr -ouTY

PIPELINES &

471 MOUND X [—’ - r-' r’ r’ Cf,;
E M o =
Al A e — —n Yy jo r . o 1o A
- T QT
:‘ TRAHH ”"?’:2 7
HOLD! CPRHO
! E—s newe 7 Tane A B T 1
] ’ —
- 4 - MAGTE ‘
/. N < R U g d HoLoiNa
L [ SEN r TANK
——d S STAIR '
[ 3 [ 3 [ } 3 -
EA. CONNIT CONTAING
”“M BLECTRICAL CABES r— <
. POR 4 RECEPTACLES <
vy - - v @ A e — i - hd
\ _c o —a_
PN CA\SM Ow o B O FO ) <
(E " <
e/ on
ol ol or
3B RS D 4 v
AN (UNIT |I)

BLECTRIGAL MOUND CONTAINS .
AL VIKING RECEPTACLES,
_~TELEPHONE CONNEBLTIONS, sug 80X, CONTRACTOR.
-~ PONBA RECEPTACLE ©, riGrt VOLTAGE CONNECTION

e AOR PORTABLE TRANSFORMER,
/ TRANSIARME R TRAGH cAaraO OUTFLON LINE
faom ror s T e
TRAC TOR. NTARE ¢ INTAKE LINES
L rrA ouTRONeY —twes  grfm o 0 I
v %— — ) v
- T T T_‘
1 . r]:]l | 1 Jl
ony
NASTE.
HOLDING
TaNK

TT 7 OR

ELEVATION

| ID=D REVBON Ww
T ST UTILITY SERVICES ( PIER UNIT 1) orawine

% NAVY PIER DESIGN CONCEPTS 8




,-awaﬂ
MOUND
S
Pr. oM (]
an S Oon [
< - 1 ~
il ~ ry ry o] s r Y ry ry
,Y/-:‘CAUL
—~TRAGH ~CARGO ¢ ]H r|]i
/ NELL WELL Y i
e -
l_l.1 o L1t
| — | stae J— T I
& = ]
L &
v —_ v r———vv
= T o 5 Ca
sv S [
L
ow
UTILITY AND EL‘
1*a 20’
L —TRAGH WELL cAra0 SWITCHING aut\ /‘
. WE.L |
s a ‘
i - T —Z
I -l-J 1
152 il
TranscomraR Y42 | 1 1
——te e L
\\ 1
= N YR o 0
| i ) [ ] 1
W 91 (%} [ [
UTILITY AND
Y7
STRUCTURAL ENGINEERING
318 Bev Sn. Son Frerosca. O BM33 T (41 S88-1080
INTERNATIONAL




i —
.
’ — BECTRCAL
MOUND oA —
J_.M
oM Pw = P T am ev on
Ow ~= OW oW FO PN Oon FO € Cha e < Sn Pr
—— o4 . T =" i ™
‘ e TR R T T T e — pe—— — P—r— LTS
LOCATION FoR. “ Comes ROOV, T ] of
. EAPANGION OF : z {4
[ ELELT. ©TeTeM] L o TR O __CrRIO S
N b s/ WNEe o . WEL L
| . —— L L
) ; £ b
! i S . 3
T - — hd =~ - T * - N r -
' : E % . | e <y
[ | STAR — J. T~ &K valves
E R = RE
‘ z |4 BOATS
I
- ) v ]
v d v v o S__ ¥ i - A == 9
.~ - i Q ) O < 9
- SWoPw on FO € A Pn = S~
PN T L] oW On 1
TY AND ELECTRICAL PLAN (UNIT 1)
ELBCTRICAL MOUND CONTAINS
$L VIRING RECEPTACLES .
TELEPHONE CONNECTIONS, g BOX Q:NT::L‘IOK RoOM mOR.
-PONER. RECEPIACLES. MG VOLTAGE CONNECT ON TRAGH WE. TRANSRORMER. & BACK - P
/s MOR. PORTABLE TRANSIORMER.. ’ / PESEL. MOTOR. POR
’ ~TRAGH CONTAINERS | SALT WATER. PUMPS
" / TRANSFORMER. . LOCATION fFOR ; (2 ouMPeTERS — CARGO WE.. [
fon CLASES ROOM - \\ /»——QN.,T WATER |
o \; A J rues
7 T [ T ~
. A 'y : ! i Lol ;

T

xhs'- VR SR Y vy %4y . (OO aie o L BN ‘K(’m TIRINLT A fm

¥ [N - . -
TY AND ELECTRICAL ELEVATION
Jno T - VEON | Date
e |7 UTILITY SERVICES (PIER UNIT #) il
[ PROECT CToTTTTT ’
' ~_—  NAVY PIER DESIGN CONCEPTS 9

LA o bk i IR T A -+ AT il i rl‘-'ff'um




CHECKED

RAWN

OF SIGHN

ROECTN e

B i SR Y -

TYPICAL UTILITY

ADESON g W7
S cHOCK LOCATIONG
ON BHIPe _EEMOVASLE DEC
N 8OLLARDY /T PANEL TO NETAL
! PRHE 8OV 4L 11 8 Ay /Zi'o:frl: - REMOVE TURBING
-8 - MP;
MAIN DECk —— ;:s:':.".___ 't'"‘:,. SRR RS rumfe
AD —_no] T
. ST , h ;; sl
£ ,’) SO0 OO0 | BN T ovcarrerma , s
~ Ch o Pw éw ON S v | . Camippmre—— =2
o < / O r ? Ap .t e
10 SHORE — . S —] -+ ap—h2y
on &t | % . .
_—(\\/ ,A‘ L' .
GRAVITY BLOW — :
10 HOLDING Y * 3:«&:";“
TANK, - G
© DRANAGE LEAP N
| ! POR PUEL Ot |
| LoWER pE-c SPLLAGE, 40" © PN |
"
- o — _—— = ,-_.V, R . —d - -

MOORING LINE @OPE
FROM 1P 10 BOLLABDS

SALT WATER PUMP S

PIPE_LAYOUT /&
A

4 ., -0 '210
e TTTTTT - FRE BUx
pon N
272 >
- i 0 \
AN DBCK " et 1
1 VKNG
~— Low - LevEL N RECESWED RECEPTIA
| T o, Lovt- ey
' - ——— 2i WY 81 VINNG RECEPIACLES — - - LT 1N
WG VOLTAGE —~ = TECEPHONE CONNELTIONS, Ty & DATA LINES — CONTRACTOR & < N —
CONNECT ONG ~— CONTRACIOR & PONER PONER T
oL AXTIASE OUTETS FOR- 10 v,
TRANGFOEMER & 140V. #80V CONOU'T WITH ELECTR.LCA
TO CADLES® FOR 4 BECEPIA
S I TCHNG
ELECTRICAL MOUND - ELEVATION /F\ QHsAR
I":8 N2

ELECTRICAL MOUND -

* e -0

® Suan
— o 7 =1
—— -
10 wOng, — B
TR ‘| ¥ - aQ o 9 v
4 b - - - e
[ A Pume
‘ Shasriat . s~
» enoRe . it _gemy e

MWARE *. 00 s .asnaee
-

L TN ® . .- .

TeEn - W e e -

e m e ——



AD-A121 86S CONCEPTUAL DESIGN OF NAVY FLOATING PIER(U) LIN (T Y)
INTERNATIONAL SAN FRANCISCO CA SEP 82 NCEL-CR-B2-031
N62474-81-C-9404

UNCLASSIFIED




LFEF
EEE

m—.m—m_wmﬁuhm

EE

[}
|
b

T
x <
< 3
5%
% 8
MM
Tﬁ
mw
E
o<
g
331
F -

R




-

_REMOVABLE UBCK
" PanSL O WNOTALL/

. REMOVE TuRSING PR pOR
. PuMPe. m‘:’
HAN DECK g s.te0
~ o Msecrnib. o AT
BNGLOGURE BUARTSRDELH.
ofon ron srerra
PumMre
. LOVSR DBk
"o e'e
WOPBLTION
HOLE
{ o SHIP
| UL,
»
— AY
\ WET NeLL \
(Have. B8 v BAOW sLoPEP
PILE NET W‘LL) 'ﬂ SHIPS 10
AN PRen

PUMP STATION /p\

N/

TRUCK. CRANE
9
<+
\\ samomsLe
Back MWEL
WITH ELECTR. AL

BN

ML MOUND - GECTION

V72N
/

4¢ DIA- PIPE TO CONTROL
/7 MECHARAS PROM SHIPS, 0.8% SLOPE.

8O __1ragH WELL

s T Y

| 2-8'28'7 12¢
DuMPeTERE
2

MAIN DRCK. DBSIANED
FOR. MAL. DUTRIGASE LOAD
OF 190K Flow A QO 1o

DRAINAGE, MANHOLES AND
TRASH WELL - SECTION /A\
S/

I"s10'

ARNAY PROM CARAO NELL. SPACE
AVAILABLE FOR TRLEPHONE B2OTHS,
BICYCLE mmmvm

/ (4. B-X
~ - ”
R [
mon . l
-
Are

HOLDING TANK
850,000 AAL. CAPRATT

ADPATIONAL CONCRETR
T SLOPE. BOTTOM

HOLDING TANK FOR SEWAGE /c
& OILY WASTE

\"s10

AAIN LEADS .
LOCATED AT
COLUMNG . 20
SIMACING -

,

Gl ROOME

“uomm AND mmm. STORADE .

L

G VINON | OATR

MISCELLANEOUS SECTIONS

WHEET N
DRAWING

NAVY PIER DESIGN CONCEPTS




ALT, 2
, BATTER PILES-
"= 10
]
tovien.
SHEAR NALI_\ PecK —
/ ,
N N - -

T . RPN

sTSEL “ (
 PiEs wipst . 1
: !

i

]

o
g 140"
b4
8]
ALT. 3
MOORING CHAIN <§> SECTION @)
2 's9'-0"
3
4
&

RO SCT N

STRUCTURAL ENGINERRING
218 Boy Sr. Son Ararumsc. Co. B33, W M98} SEEOE0

ATIONAL




U U

ALT. ALT, 1
BATTER PILES- VERTICAL PILES
a0 t=10"
LOWER GHEAR WALL—. NEOPRENE PAD
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CONSTRUCTION IN FLOOD BASIN (OR DRY POCK)

2). BULD TWO ©0) FT. LONG PIBR UNITG ( OR THREE 401 F1 LoNa PR UNITE)
b). INOSTALL UTILITY ©YOTEMS.

0§ 0 T T 0 1 % 0 F f I § 0 §& £ ¥ & f 0 0 f

@

TON 0 PINAL SITE
3. REMOVE DIKE TO FLOAT PIBR UNITS.
B). TOW To FINAL SITE

PIER UuUNIT I 1
&0l
MM”\
el 1 1 1 T T rrrrrryryoeot 1JﬁIL:]t-:J
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).

ot

INGTALL FLOATING PIER

SITION PIER UNIT T AT FINAL LOCATION AND WNOTALL ST paWma PiLES
POSITION PIER UNIT E AND JOIN 10 UNIT I BY MOST- TENSONING .

OMVE PILES Mo UNIT X

CONNECT UTILIN S70TBMS BETNEEN PIBR UNITS & TO SHORE

COMPLETE CONOTRUCTION .
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PROUECY N°

() coN6TRUCT 201 FT ELOATING PIER UNIT ON BARGE

L1

}
.
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|
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| B

' FloAT PER UNIT
2). SINK THE PARLE
b MOVE PIBR UNIT ARNAY FROM PARGE -
€). REFBAT CONSTRUCTION CYCUE T2 BUILD OTHER PIBR UNITS ( TOTAL Or 4 REQURED) °

Ly

8

i

~

(€) COMPLETE CONGTRUCTION OF PIER UNIT
8). CONOTRUCT MAIN pBCk
5. NOTALL UTILITY STITEMS.

201

1304
30)’ oo
T

—+

-~

L]

(4@ INSTALL PLOATING PiEm

$). Tor PLOATING PiBR UNIT®O B PINAL OITE
»-
&)
4.
®.

POSITION POT PBR UNIT AND NOTALL BT DRNING PLE® 1
POSITION OSCOND PSR UNIT AND JON DASTHER DY MOT-TENSIONNG . THEN PRNG ALOE
REPRAT O1CLB UNTIL ROTAL LEBNAT 0 COMPLETSE

GINNBCT UTILITY ©MTEMS PETWEEN ABAR UNITS § To SHomg
COMPLBTE CONSTRUCTION
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PRD.ECTY N°
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MINOR. CLAMPINA
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CLAMPING —"’f\ { |
LOCATIONS ¢ l <«
T S
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> Y. O5T REPAR FOL PALLS & Puli LONGITUPWAL _
« ymm-«'u’ WAL & Tof siaD rorMb PRom [ 42
D eea < ). UGB PIBCAST BULKHEAD WALG AT JUNCTURE [T)-[T
FLOAT NG PORM - PLAN d). SET SEBAR. ROR PP MAS & PLALE CONCASTS

3). CONBTRULT STEEL FLOATING FORM
k).

3).

b).
2}
a4

®

3)

T
. TN " 3" S8ALS. TACK SEAMBNT (1] FURTHER OUY OF CONSTRUCTION WEL.
). CLAMP motM 10 48avBNT 1] BY UGING PLAT JACKS

6). FLELTREOO WALLS AND DBCKS,

SECTION B8-8&

ELEVATION

CONGTRUCT FLOATING FORM ® omier rer ssament Do

3. JAcx SEAMENT (J] (T} OUT OF COMTRICTION WELL
). CLAMP ForM To SEAMENT (1]+(Z]

ANCHOR FORM AT CONSTRUCTION SITE UeING MCORING LINES

— FitST PiER SRavenT T

/

p— A
r —_
. E» ;

———— —

~TEMP. BULK~

™ ) a T 4

PROVIOE BLOATING POEM WITH TEMIORART BUKHEAD T KSEP
WATER- OUT OF CONSTRUCTION NS ..

CONSTRUCT (ONCRETE BOTIOM HLA®
CONDTRUCT CONCRETE PIER WALLS AND TOP SLAG
PRESTRESSD WNALLS AND DECKS -

@ BUILD PER SEGMENT [&

IJ.,

SHIPT PIER SEGMENT (T

IJACK DEGMENT () 10 TEMPORARY BULKHBAD.
MAKE WATEATOHT S6AL SSTNESN | AND FORM . USING

@ BULD PIER SBAMENT (&

2). JACK. PORM pPORNARD »
®). ANCHOR SRaMBNT [I) Usia Maomna LWeS ok
©). cLaMp meM © sSaveEnT (B4

d). BuiLD s8GMENT [E
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AT JuncTure [1-T ALTERNATE I:
CONCAETE CONGTRUCTION AT FINAL PiER SITE
9). REPEAT CONSTRUCTION 2T8p () PFOR WTAL 1300 PT LENATH
b). DRWVE PILEG BEMIND FOATING mORM
C). CONZTRUCT MAIN DSCK. LEBVBL
). INOTALL UTILTY SroTeme
6). COMMLETE CONTRUCTION
z
. CONSTRUCTION WE.
+[Z) 9

@ ALTERNATE I :
CONGTRUCTION AT OPP- 6ITE LOCATION

8). REPEAT CONOTRUCTION 4Tere (2)-(D T¢ BUND TWO 400 FI. PIER UNITE.
b). BuLD MAIN DECK LBVBL # INSTALL UTILITY S7OTEMS.

). Ton PSR UNITS R0 FINAL SITE .

d). NTTALL PiBsR UNIT 1 &7 DRNING PILBG.

9. Jom PBR UNIT L BY AMNT- TENSONING & ORIVE PiLBS.

4). CONNBCT UTILITY S1STEMS BETNSEN PIB UNITS & TO SHORE

8). COMPLETE  CONBTRUCTION -

oy MOORING LINES OR PILES.
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e VEWENTAL LoADS |-
_HWIND LoADs
- WA,

318 Say S¢. Sen Frencisco. Ce. 94130

APPENDIX A : ENVIRONMENTAL LOAD CALCULATIONS
HWIND LOAPING

oM 26

For = ngw e R Vw?® As
WIND AT 20° o <HIP, Cyw = |O

fo = 0002371 YEZE @ wgF

V= VelenY | fi/sec AT 33 ABOVE WATERLINE
LisE  HURRICANE. YELOCITY, V= DO HPH = 122 fHec
As = SIDE PROJECTED AREA

FOR AD- 4

SIDE AREA (CO'HIGH)(&40'LoNG) = 38, doo 2
LEE As = 40,000f?
(Fodm = 1.O(£X(0.00231X132 Frteac)* (40,000

= 825 Kips

FOR DD -2

DM 24 6 GIWES DATA ON SMALLER PDS

o-622 L=211" h=22' As =|0200 fi"
Pr- 03|  L=4i8 ha B As = 8o f"

EXTRAFOLATING
PP-262 LecLd h=2D6 USE Ag=12,300¢T?

(Folop = 1O (t)(o.ooza-v)(nazf(zz.aoo) - 460 Kps

NOTE : NEZTEPR <ECOND <HIr® Rcks UP 0% of LoAD
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LONGITUPINAL WIND LGAD

| g™ J

FER

WIND = 20 MPH
>z fpe A-55040> A 2o(15)  A50(5) =
= Z200f12 = (500f ¢ = 4260 fie
Ar = 1950 fiz
INCLUDE HIGHER

SAY jo,o0co fr: To
FORTIONS ©OF VESSELS,

F=cyw'e RuVW® A
= (1.0t (00231 X122 fp>* (10.000)
o L8A
= Z& KipPs

A<oLIME 2ZNP SHIP Peks UP 50 96 of WIND Logp
R P2 K&

THTAL LONGITUPINAL WIND LOAD = 200 + 103 = 2O ki

zop k
Loap oN EAcH PILE BPENT - 7% BT 0.6 Kips

‘LOE“:;"' 5 2 KPS OR APFROX,
|/|oru f LAERAL WINP LOAD

AP N BAcH PLE -
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PETERMINE CUREENT FORCES 8Y THREE METHODS
. APPRoX, VE THOD
Z.NEW DM 25 & (NDER NAavyY REVIEWS FOR FUTURE

PUBLIcATON
%3 EXISTING DM 26

FOR D -9D63

APPROX. METHOD
o KAWL

K= 15 FoR [NAT <URFACEs UeE
LO FoR CURVEP <UTACES

As = (520)08") = D40 17

Fe = 1.5 (2540)( U = 14,200 V*
Ve  _fe
2.5‘6?5 e Kips
5.5 f 422 KIFE

NEW pM 26 (P 266 -7)
fe= Cye W R VECLWLY T
| _— WD _45' WNER DepiH
Cye FROM Fig 4, WHEN T "8 [eAFT
=2zt

THEN CGye = 14
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FOR V= 2.2 KNOTS
(Fe)y =80 ToNS(2.24) = NDK

ADJUST 1O DP -%63

800
(Fede = 1D o = 41K
! ADJUST TO WD ~ 45 T

(Fe), ~O.5 (41K) = 200 K

, ZUMMARY OF RE<ULTS

CUBRENT _FORCE ON. ONE <HP RR:
» L4 K71 . 3;2— Ks
ME‘THOP U—'— Zosszb V" 5-'; {-"
APFE X, g7 433
NEW ™M 266 10 4ol USE
EvI£TING PMZ6g 41 AL/

LUSE NEW DM 26.6 FOR CON4ERVATIVE E4TMATE .,

FOR TWO SHIP NESTED, DATA FROM EXISTING DM 206
ZHOWS THAT sEcaNp SHIP PCKs UP ABOUT 'zrp
COF CURRENT FORCE ON FIRsT SH2,

RE<ULTS ror ThWO PD-262

NEW M 26 G V=23, V=55 [ps |
TOTAL  F» 1.22(10)=D3k F=13%40) = 533 K<

INCREMENT oK. ZNP P Fap = 235 - |32k
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CLUREENT LOAD ON TENDEE ,AD-4|
Use NEW DM 266  METHOD
ko =cyelz £ U2 (LaL)T

Cuye FROM Fig 4.

e WP _ 45!
WHEN == 74 = L. 815
THEN CL'C = .7
LWL =620
T = 24
fz = 171 (eX1.28Tl6X U Nez0)(24) -
= 25, 140 V.2

FOF? Ve = 2.3 fps
B = 25 140(2.2)% = 133K

FOR U = 5.5 fps
fe. = 25,140(%5)"= eoK

ONE <HIP ONLYY FoR AP

k]
i
1
y
4
i
)
i
i
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ITEME o \VIRONMENTAL LOAD

H-H.

HoriZzONTAL LoADs T EACH PILE  EBENT

: S
NO. 2ENT 10 G

AOLUME  UNIFORM PSTRIRUTION LOAP INT® EBACH BENT
CASE T : AD NEAR <HORE
OTAL LOAD _ 2434% _ 345,

NO. BENTS 29 BENT
CAstE TL AD NEAR CHANNEL
2730 = _ &
29~ = 94 7 BENT

WoRST CAGE : AD LOCATED NEAR THE CHANNEL AND
UNIFORM LOADING |5 NOT ASSUMED.
LOAD OF 1941" REGITED &Y (& PILE BENTS

K
1941 . 122 %

1 Use 175 "/»NT.
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R.Z.

APPENPKX B o
PRESTRESZEP CONCRETE ROATNG PIER CACULATONS

PESIGN CRIMERW

SERVICEABILITY £TATE. LNPER NomsaL LIVE LoaoiNg
CONDITIONS, THE 2TRUCTURE WILL OFERATE IN A
STRESS RANGE FROM ZERO TENSION TO 0.45 &
COMPRESSION.

SERVICEABILITY SRTE, UNDER EVTREME DESIGN LoADING
CONDITICNS, THE STRUCTURE WILL EXPERIENCE
STRE<£ES IN THE RANGE: 6\/fz TENSION TO
0.45 fo COMPRESSION.

LOADNG CRITERIA

INVE  Loaps ONMAIN DECK: OO PF |OocAL
20 ToN TRUCK CRANE
Hs-44-20 TRICK
| 20 ToN FORK UFT TRLEK
LVE LoADS ON LOWER DECK: SAME A5 ABO/E EXCEPT
NO CEANE.
HYDROSTATIC ARE=ZURE LoD EXTREME 24 FT. HEAD
CPERATING 13 PT. HEAP
LATERAL LOADS:  WIND 4 CURRENT LoADS ACTING TeGETHER ;
BERTHING 4 MCORNG FORCES
LONGITUDINAL Loaps: LIND Loape.
BERTHING ¢ MoRING FORCES.

MATERIALS
LIGHTWEIGHT CONCRETE: DENSITY 125 FEF, fé - 5000 i
REBAR | GRAPE GO ' .
PRESTRESS (Ps);  <TIRAND  fo = 210 KSI
Rop $'s = 180 KSi
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(TEMI GTRUCTURAL -MAIN DECK.

SECTION

&z

DETERMINE WEIGHT & DRAFT OF DESIaN SECTION

@5'-0"

MAIN DECK

———— e e g

Yy 2l 2L LT T T —— Y A o

y-N
™

o"

15
'u!r b
|

| =

COLUMNS CENTERED OVER PONTOON WALLS @ 20'¢c-C,

BULKHEAD NALLS @ 40'C-C.

77777

s,
o pfe, ‘

5]

A

18" o

SECTION A-A




.
-
B IR o DR, -

REE T

¢
‘
£
y
¢
;x

Tl REGHT
RNATIONAL
STRUCTURAL ENGINEERING
315 Bey St San Frenciaco, Ce. 84133 ’.2
l‘—#‘w @ r'au @ @ - —n' '
(4 08 w0-4 18 (s 5-2"
| !
'? _ Z:.Z.’? n ! :
@; ’ — — . f
s |
;f_»"/ 4-1 20'- 4"/ 10'-2" '9
@ v 15! / //’ 154" 9
ot o/
Uy ! ' |
L —
QP— _— |
?» \ . lk‘ : J . _'_
g
Y 3 A 2 -on l A l 9% 9
6 T -1
O CEENO
FONTOON

A= L1t (1267)+ 125 (26.5) +10'(20.23) + 2 (42.83)] (%)
=~ 222.5 Fr? + 05 AZ(CWRB)+ 0.5 AXFLLETS) = 2235 2

APD MAIN PECK ! @ 65 FT WIPE GE(I15) =975 Frt
APD CURBs: 2z@ z'—o‘¢ = 4.0 Tt

2225 + 915 +4 = 225 Fre
ADP 2% (TOLERANCE) =325 (1.02) = 33 fr?

WT/FT = (0.125)(3%2) ~ 415 Ky

S N=4L15 (1200) = 49,800K LONG. . WALLS & DECK
ADD BULKHEADS, COLUMNS AND BEAMS :
BPULKHEADS @ 40'C-C.

VERTICAL FR=STRESS ONLY, T= Q' @ 4dofrc-c.
1200 « 40 = 30 CELLD.
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STRUCTURAL ENGINEERING
S Bey S¢. San Frenceco, Ce. 84133

g.2.

2% |NTERIOR BULKHEADs, ZEND WALLS: SAY 2" END
WALLS

=T - -',70_'<z®)+7'§-_(z> = 2017 FT,

ANer = 18(15) - 310 = 1040 Fr2

WEIGHT = Z5.11 (1040) (.125) = 2400K BULKHEAD WALLS -

WET WELLS: @ 2033« 1575 = 320 FT*
e o' THeK  2(2z0Xi5)(125) = oK NET WEWS

BEAM AND COLUMN SYSTEM : @ 20 FT. C-C.

A= [4(2.5)+65)(18)- 22(6) _ 4.5 pr2
12

S W X bl(18)(.5)(115) = 180K

TOTAL WEIGHT : 49,8004 2400 11000 + 1860 = 50,050 F
ADD 2000 FOR MANHOLES 4 UTILITY PIPES, ETC.

GRAND TORL 2 N = 56‘000'4

NET BUOYANT AREA :
PILE WELLS ARE 8-0"x 20-4"
A = 1200 (15) - 30(8) (20.99) = 85,120 F1 @ 064 KOF/PT.

85,10 (0.06%) = 5450 ¥/FT
DRAFT = g‘%‘%".. 10.6% ET. A C 6-0" FREEBOARYD ©

.96 -5.0 = 2,95 FT.
2.46 (9450) = 11,800 K
SPREAD OVER QROES AREA OF MAIN PECK

l"rl?oo K_._ =164 POSF L.L.
©5'(1100")
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STRUCTURAL ENGINEERING

318 Bay S¢.. Sen Frenciaco, Ce. 84133

R.2.

LONGMUDINAL.  <EcTION  PROFERTEE®S
(GROS% <EcTIoN FOR BENDING)

21 ' Qn

o

-0

S S

N\

Aagoes = 15¢18) = 1350 Fr?
- Acslls = l122.Z %

+ Arilers = LOE®
NET AREA - 229D FT™

3
NET I: Toeoss = 15—8:&)——:%,450 FT+
=-T - Z(2,212) = 24424 Fr4

NET T = 12,026 FT4-

ca e 9Irr FroM gorToM  (MIPHEIGHT)
12,026 >3 e

é‘f -5, =

D
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ETEEMINE MAX ALLOWABLE BENDING MOMENT:
FoR Booo psi  CcANCRETE,
TEN<IoN OVTIE = 425 P
COMPRESHON 0.45 f = 2250 Poi

-2250

@ MAX ™M
BALANCED coNpITioN

& + 425 P2)

A SSUME  §/5 = 150 Psl
-1%0 -5 - 1228

+ =

5o +175 1425
MAX BENDING “TRE<s - 1113 pa
Max - B 8 < L1s kel (B3 Ao 44 1Y) = 220,050K BT

DETERMINE No. oF TENpONS RER.D: SAY 0.¢'¢ x 1 STRAND
@ 240K EA. oR- 06 3

Aopws = 224 A% = 32970 w?
P Req'® = 0. 16Ksi (32,216 ™) = 24,132K

No cF TENpONS - E83&4E, « oo TENNG R 50 PER PONToON Si0E
(CENTER AREA INTERRIPTED BT PILE KELLS)|
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NOTE: pxeK ACTS A AN ELASTc BEAM:
T aross =12,026 PT* = 249, 311,000 N4

E FOR 500OPSI, We = 125 RF |

E =W "5 33T = (125) '"33/600 = 2,200 K4

I W IK/7ET) ]

; ; ; (We ava. Kyer)

SAY - VEFLECTEDP <HAPE |9 FPARAWILIC! CHECK TOTAL
DEFLECTION CAUSED BY TRIANGULAR LOADING EBESULTING
FEOoM NONUNIFoRM PRAFT PUE T© PEFLECTION

Fr 2
[ =% IN i

t — |oeRlecren  — ¢

Mw-%-ZZo,oooKﬂ. (=)
W= él_-'_is %ﬁoﬂ = | 120 K,

HL? | hi%o(Kd00)®
GOEL ~ 60(22¢0)(249,31) (10)©

A = =¢2"s 5. FT
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STRUCTURAL ENGINEERING
NS Bey St.. Sen Frenceco, Ce. 84133

FOR BEAM ACTION: PRNTooN ZECTION 15 INTERRUPTED BY
OPeNINGSs FOR PLE WELLS, STRENGTH & BaseEP ON NET
SECTION AT NELL... OPENINCG S 2(5.17.0.75 *)

— " \N20x0D25) =
Gt (2'-o" -1%.3| A%
B o o 0| o & o
r’,/' \ (Jli (8|:"z-”) :
I
' \ k 'T—o ._.L.— B

. ,- . ) ) . 2 "‘ﬁxa—l;f
Aer = 222-123-182=- 1275 fT 2.56 ¢ .22 =

No. TENDONS = |00 - 14 = 86 - 18.23 T2

86 (246.000) _ - | %
% Wi 12155 M4 pol %0 (22 %)
I = Logoes — L To-o - & ADF

]

z-0' -2

o= " 3 >*+31(16)°
5 To-o = . 2eCO) " +Cezen XD 130D) 5 g7, N
' 3 iz
z-7  7-7
T ADZ = (C2+)Y2)(103.552 + Boo (103) %4 496(100)% =22 520, co8 Nt
3-) = -29,(");?,4694’,(25 -Z,272 Fr"'\(

NET T= 12,026~ 2,212 = 2,754 fi*
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STRUCTURAL ENGINEERING
NS Bay St. Sen Frencieco, Cs. 54133

% = i'gL - 1084 fr3= | @7z, 821 N>

%w W1s0,6712,821)
2000

PEFLECTION ( BA<EP oN FULL -9EcTeN "I'): = 249 37, 132 N4
T = oM _ 6(182,30)

= |82 200 Kfr

= oo = DB K
UL 915 (14400)? I ¢ e
A = eT ©O)(3260 (24971 )(10)° = %= 5

NOTE: AT MAXIMUM MOMENT ELATIC PEFLECTION oF Bfrt
Cccllke AT 4 oF SELETURE.
AT 0.04 (120 = 4,.86K/Fr. oF PASAACEMENT TH< 12
EQUIVALENT To A LOAD oF 5x 4.8 = 24 K/t

=
- & (1200) = 21O K
L coorr | 4.8 JFr

| 1

CENTER +4coO FT 400 ;
Ok MAIN DECK. LOADED AT —%‘;l:r—-aw%w ’
CENTER 4<o FT, '

CHECK.!' 400 (36) = 14,400 K

ma AprarTe 232 - g proper ENTIRE LeNaTH,

( |F PER WAS RqD)

, —3




m
RNATIONAL DESION:

STRUCTURAL ENGINEERING - TT'O_M 6LA§
318 Bey St.. Sen Frencaco, Cs. 94133 DATE; R.2.

3@ 7). O : &0
i
|
) L] (]

YU 1
5'__4“1 ' | 9 !Q

POTTOM LA | DESIGN FOR 19 PI HEAD WIH GVFE
TENSION  ALLOWED IN CONCRETE @

MAX TENYION = (VB = 424 po)
TRY . 2"4lAR Wis" LAUNCHES
NOTE © FEM = DISTRIBLTED MOMENT,

+Mac Wy = 19 Coba) = 1216 K 5F,
WCNCRETE @ @'~ B (128) = 0.094 KsF
NET = 1122 K4F.

HAUNCHED SECTION MOVENT DISTRIBUTON

(FROM cALTRANe BDPM, 3R ED,
APPENDIX 2-H-2)

i
b .2
DA




’
TERNATIONAL OB

STRUCTURAL ENGINEERING " Botlor] SLAB (CONT)

318 Bey St.. Sen Francisco, Ce. 84133 L R.Z.

S -M= 0022 (L122X 20 = - 4920 KFr /.
er=16' ese'ur: (£ =267

QAY e =2%" A=12()= 192 N*
[ A
S =—(__¢"’> =5iz IN?

T c c
M P, Pey_ _ 4 ‘
9(.«46) - 424 Ko

' 2
PG\ +§- )=t 424 - ig,cz——'?’) = -01244

! e | 2.5
. _ 0,244
SoP = L olo!
®

= 1.8 K/ (REQ'P)

NoTE: PART OF 'P'Is PROVIPEP BY HYPROSTATIC PRE=<RE

“= 1122 (12) _
—_— pFr 2

- o 1 Ho He = %¢10.00) = 11K l
l-,-’—z--i-l FRVIPE B @ 4v0.0@ 2|'=8031¢k @ 1-2"c-c.

10.00 Kfr,

;. REQD NeT Ps=lB-"11= G640 Kam

CHEcCK !
80.z1 +7.1 42 (12) - 8o.37(25) _ :
12z = "Bz + 5iZ 1212 %K/aoo RoIT

(oD




m‘TMAL

STRUCTURAL ENGINEERING
NS Bey St.. Sen Frenceco, Ce. 84133

CHECK + ™ T =2
ee-)’

'\l

tM¢ = Gl. 8 —4D 0 =
A= 108 Nt

T/
8037+ &
o8

2.5 KA
S = |6Z N?

b
128502 -
2 +

T
g80,37(1 O)
162

BeTTa ToP
= 1260 Ric / 254 1

——

CHECK @ ZeRo HEAP,

&.37 -+

$0.37
o8

62

1240 Psic /248 psic  (OK)

CHE.ck™ STRE << AT NORMAL PRAET
W

@ 54
=2¢.04)-. 094 = 0.138 Kz

FREEEQARD .

c (oK)

-M= 0,128 ((02D)(21)% = BL2 KA.

—

13

— (0.88)=5.4K

Hp = S 4K (13, .
5 (' o =4:1K

c 414 80,271 +

32.2(2) - 80.21(z5)
122z

Bz v sz B P Mpse oy
S REQD TENRNS : 064 »4 @ 1-2'C-c.

-

Hp

L4

T

. N M ‘ ' ) ]




WMATIDNAL

STRUCTURAL ENGINEERING
318 Bey St.. Sen Frencieco, Ce. 84133

CHECk BOTTOM < AB OF 200 A LONG PIER UNIT LINDER
ToW , 22 fT WAVE .

)
N

\

a'

W

® SRR

DAY - 200 PT. SECTION, 227 WAVE!
- SNLL- WKTER FREEBOARD @€ BFT,

& Lo

CREST OF WAVE € 6Pl ovER |LONER DEcK!
PESIGN MOMENTS WERE BA<ED ON 12fT. HEAD:
WAVE CRESTS &FT. oOVER PECK, PROPUCNG 22F. HEAR

24 (0o4)= |36 KsF
A-M= 092(1.534)(21) = — &1 Ker




m‘TlﬂNAL

STRUCTURAL ENGINEERING
318 Gay S¢.. Sen Frencieco, Ce. 84133

SUBTRACT ~M FROM CONCRETE £LAB
avg+ = 25" . W=omB KF

M= 0.092(12)(21)* - -5 Koy,
S NET -M=-61+51=— 613 Kg,

E CUE TO SIDE PRESEURE.:

S v A,

o ——
———
—

*

1&'

-

/536
Ho = 5( 284)(8) + 5% (1536 —, 284(18) = 10.40 K/F,
o= 4-0G64sTRANDS @ 21" cC @ 0.6 F%

- '“""""z‘z’l = £0.28 K/

A = [G(12) = |D2 N

S = L@L‘G_G)_.Lc £iZ7 N2

e - Z-55=Z5N
104048038 , €022 _ &).%(12)

+ Pz M _
= = »z =~ 52 oiz
= 570 PIT, 1520 PBic
TENSWKON EXCEEDS AUOWWBLE
OF 4725 PsiL BY 33% ¢

INCREASE P4 FOR EoTioM sLAB R THE 3o Fr LoNG PER

UNIT: UsE 4- 064 5TRaNDS @ 18" c<
P/o = (140-6) % = 93.1 K/Fr.

i

e B




SRPCSE

WMATIONAL

STRUCTURAL ENGINEERING

BoTToM SLAB (coNT.

318 Bay St., Sen Frencieco, Cs. 84133 RZ.
=104 +93.7 + 921 (25) -~ Cl.3(12)
122 S\Z 5\Z
= 440 PHT, 520 mic TENSION EXCEEDS
ALLONAPLE OF 425 Psi
By 2.5%
OK. UsE

4-0.6"P 5TRANDS @ 18''C-c.

CHEEK +M 4E=TieN
WL* L4060 o |

=" —Gus = X +16.2 Kfr
(W= 1.53¢ -0.130 = |40G)

2
A = 9(12) = 108 IN e--'—z;‘i’- - LZN®

e,—-zz—(‘D-B'A)-_L'

040:80.28 , BD3BL) _ 2(z)
o8 T w2 * lez

~ |40 P /1545 PEC oK

L
*6

F. R
A5




mﬂ"ﬂﬂﬂAL

STRUCTURAL ENGINEERING
IS Bey St.. Sen Frencieco, Ce. 54133

EoTioM _4L4B_ (END.)]
X2

RECHECKK TRANSVERSE 7o @ ¢ NEROR WALL:
d=1Lo" WTH PrIgM&TC HAUNCH, FOr. 24 PRESS. HEAP

BOToM <slAB! = @D"e 024 Ky
NET:= —-W = 11536 -~ 0.0D4 = | 442

& WAL L
% hC‘Q" ) ] '
| 2"l g | ¢
rhe =16~ =1 : ” TU
o.- rB% = O~76 f 2——04
’,ol—_’"
a=0.28 . -

FEM = -M = 0105 WL?
(FROM LA STRUCTUBAL BUREAU, ST 8l)

So=M= 10D (1. 442)(21)% = —0G.8 Kt fr

PRESTRESS @ ¢ WALLS:
No, oF STEANDS | ROUBLED: (DUE TO |LAP).

S P=2(804) = 10.8K

- . . . e - .
A O Y 3 P AV a3 e R ST SN TEIAY  g aGASRy 7103 dr YA S 1 <Pt # 1 .

e-!-
P, B _M_le0e+04 o 0. 8(2) _ 6o 8(12)
A = t s 192 - riz Y gz

= 320 MIC |, 1BBO Poic oK.




TIONAL

315 Bey St.. San Frencieco, Cs. 84133 . R.2.

CHECK LOWER PECK, @ SAME T+ R, Ao BOTIOM 4iAB:
UNIFoRM &oo P5F  LIVELaAD

PEAD LoaD = T Avg = ?-%'éalz.s“ = 125 PoF

L D+L= 125 PBF.
FEM:-M= 099 (25)2l)’ = ~31.45 Kfy,
g :
com: - 22NN . 430,00 i

) tM = 39D 3|65 = +8.32 KFT.
Loap ALTERNATE FANELS!

A (4) @) p é':
A

-3
- 3
W‘ ‘0.67 \?W: '%52');='m
1[ E Ba 822 0 |
B

MAX +M! LOAP

WS
AN\

, 4¢12)°
Bc! W-“"

' ' 2y
6.z29 3
C = ©.67 _ . _E_J_:= 029 .2




il =
ATIONAL LOWER PDeECik (CONT)

STRUCTURAL ENGINEERING
318 Bay Gc., San Frenciaco. Ca. 84133 R.2

B p
‘T#* 4]
3 % 3 .3 %F
o oh2785 -2185, o

>

AN

BA B BY 3 DE UF Fp

X '.9_ -4' ! .? 1 3 l" . 3 e o J
0O
-

o +262|-26.2| © o 0

(o) (®] +5.3

o -l -2.1 -G

- 1.} o (@) +|. 1
Q -0.3 |-0.4 |-0 .3
-0 7 O o +O0.2

G, G -9& |-120 l+22.0

} A
S, -M_ = 2%.0 KFr. 5BML -9-9-%'-'1 = 33,
+ ML = 3%)1- 2320 =410 Kpr.

+Mp = —_'%"; (8.52) = + 1.4

A Mp, = 100 ¢ LA = 41D K, (G 80+ Kfer) (=1

P+ -Fe
A% + %

804' & ”.5('5‘)- w't- Z,
58~ iz * Tz = 100 Prg/282 v

(oK) i




el (=

STRUCTURAL ENGINEERING Lower DE('K (W )
318 Bey St San Frencieco, Ce. $4133 R 2

CHECK LAWER PECK FOR 20 N Fork LIPT:

AXLE LoAD = 9B K (FROM PM25)
oN 8-0" ¢ NG

[l 00
@ 4 —
e-0
@BK
(AXLE)
% = ZOFT. S E = 40+.06 (20) = 52 FT.

.= E FOR AYLE = 8+45.2 = 13.2FT,

p- 28 - 142 Kpr
SAY -8 Ker (WITH 8% IMPACT)
som: e ZED Ly g
FEM: V =0.5
MIN &/ e
A 7d 050G & =0.25  FEM =15(21)8)=-257 K
f=.5

AACE Laap IN CENTER BAY AND PISTRIBUTE MOMENTS!




e e e = e . i e A=

|
!
|

TellN.....

STRUCTURAL ENGINEERING
318 Bay 6¢., Sen Frencieco, Cs. 84133

s S
n—®
o -,
_lv
=
S

E
A B D
BA P BD
0% o4 0.3
(o) o @) +26.2
-6 (#1000 |- 1.6
-5.1 o o) t b |
o) -\& |-2.0 |-1.5
e o o |[+1 0O
(o] ~0.3 “04 ‘005
-0.2 o o |+0:2
0.
_6.3 '—94 "'Z-E +ZZ-| KFT'
+ M =42 - 22 = +ZO. KfT.
+Mp = L22 (gaz et ld KP
125
Mpp = +21.4 kfr
SRESES>: P oM _F_ go4, 2142) _ £O4 ()
A s " 108 ez ¥ ez

= 1822 poic /344 AT (oK)




mﬂA‘TIQNAL

STRUCTURAL ENGINEERING CONT..)

318 Bey St., San Frencieco, Ca. 84133

CHECK PUNCHING <HEAR oN 2! sLig R 42 Kip
WHEEL LoAD

CONTACT PATCH: LAY - TIRE PRES=URE = 200 B

Ac = 42020 . H4p w2

0.z ]

20

] 1 | ' i
GAY - 20 x 8 [ 13e

= 5,61

d

‘. PERMETER - 7z[(30+5.5)+(6+55)] - 28"
CHECK., @ b= (0.6VF2 + 100 —\,%)(laA)
Vu = 1,71 (49) = 83K Mu=|. 4(1.8+1.720) = 26 K'

0.eVEo0 + oo (%—5&%—?}54.—. 8% bd

MAX ALLOWABLE = 5VBaro bd  (0.85) = 300 bd CoNTROLLING EQ .
t LT. uf. SAND /CONCRETE FACTOR
Vh =Ve =0, 200 (28)(55) = |6],1K ¢ =0.85
L Vu=dVn=085(161.1) =13T7.4K

MAX LOAD-L,”le'f—= 8 K =49k ok @ ' a8

P ——




mA‘nﬂNAL

STRUCTURAL ENGINEEFING
IS Bey St.. Sen Frencieco, Ca. 94133

ExXTERIOR Walls

’ ‘-’

EXTERICR 1WALLS

BEXERIOR WALLS:
EsiaN FOR HYDRO=TATIC HEAD PROMLED BY Z7f
WAVE ON 200fr S6cTioN UNPER TOW:

S b = o
ny e’ » 0. 41 Ksf
";{ 0.4 .
r— -
¥ Q
. .
-.m. Y _é
L 145 K4F
(45 —

HALNCHED <EcTON .

NOTE - AssUME FULL FINTY AT
CORNERS FOR NEG. MOMENT !

FEM @ a= 0125, 4u,- Jo:
=010 (oA ME A5 SLAB),

FEM For FPRISMATIC /ECTION'

M BrTToM= [omée 28) o@g(naav ] - o1k

AFPPROXIMATE e f=.083>
—-M FOoR HAUNCHEP <ECTION

oo
0.082

(20.%})=-22.0 K




e

m"ﬂﬂNAL

STRUCTURAL ENGINEERING

WALL S (con.)

‘.\ +M

+M = 2850 - 162 -

Mdgm !

2.5 -
@L@&s- +M = 28 5@ KFT,

‘53 (25.0-1.2)

-

+1.0 KFT,

_?_ —lo> KB

315 Bay St., Sen Frencieco, Cs. 94133 rR.2.
-M@ ToP:
( PRISMATIC ) ,
[o 4105.23)"  0.28(1523) J= - Lo ke

12 30
(HAUNCHED): -2 (16.9) = — 203 KET
oBM: = W [JL* ZWNAL 0.98 (15.23)

2 V3 Wa= ——— =15

A41015.33)°  2(1.905.32> _ .

5t T ovs  =t28.5¢ K

@ H= 1523 (I-&)= &5 fr




mxnonm.

STRUCTURAL ENGINEERING
318 Bay St.. San Frenceco. Cs. S4133

ey

ADDIMONAL  TENSION IN WALL FROM ZLAR STRESD!

A Mr
Mg= -6¢|.% KFT.
o3 k' K

T= oo = 12.3 Y 24
PRESTRESS FORCE | T c

604 Y e@'e' =2

A= 1D2 N3 5=512 N3 |Lé;’1'._u Me
L f. P P oM _g04-123, 204025, 2502) =
T A S 5 192, 5|2 517

| P2il, 548 Pl AT LORER
CORNER . (OK)

S, UsE 2'44B WK 16" HAUNCHES  FoR WA LL,

NoTE: STRESSES ARE VERY LOW, BUT RESERVE
STRENGTH & REQUIRED FOR REZISTANCE
To collisioN DAMAGE.

FrE<TRE=S @ (-2'c-c:  Gr 150 DWa
RER. 6l K x -Ti-z'-' = 107 KpuNniT!

SAY-ONE - 1%8 4 BAR @ 0.6(2%1)= 142K
CALD USE |4 dBAR @ 112BK




i e
INTERNATIONAL

DESION:
STRUCT JRAL ENGINEERING INTERIOR WAL!S hetipm—
315 Bey St.. Sen Frencisco. Ca. 84133 H F‘ z

INTEROK WALLe

CHECK INTERIOR LONG'L WALL

AT <NaTANT 2 THICKNESS: £ULL HEAD,
(SAMPED CcONDITION).

L
8% -4 —
z  |H=1m-4" :
|
(UE 16'-4") &
115
M.67¢.004) = 11% .23 (.064)= 085

16.23 (.064) = |.045
FEM @ B4op & ToP ok WEL|

L.o45 (16.32)%, 08506 3m* _

- F
ToP, = ~ 118 KT
L 1.045 (16.32)° 085 (1.32) _
BSTIOM * 2 5. 83 KFT,
SBM - WL 2@53X633) | g
+M, > > :
, 16.3%
= 9,43 FT OWN. = 1.26 1
e = D, 43 FT, DOWN. = 126 fLBELOW ¢
T Me apz . Q8EGSDE

W= 1.045(16.22) =
2 S +Ma 201 KFT
= 853




™IN....
! STRUCTURAL ENGINEERING
T ; 318 Bey Bt.. Sen Frencieco. Ce. 84133
I COMBINED ! 7 iz
1z )
—_— & ——
_____.,-..': ‘ @‘7 -+ - = > +6:5
R _ A
leo ~ /5.9
CoMAX M@ BASE = - 15 KFT /4y
~ NoTE: HYDROSTATIc PRE<SUEE LOAPS WALL' <AY -
l |0 FT. EFFELTVE WIDTH
Ph= 10(2)(064) L

=127 Kfr

-'21, (42)>- gl3k

1 WALL  A=120 Nt o =~ 280 N?
Ay - 153 4 ops e 21! speNg!
P= Plbo=8.3 K/ SP= 2.2 +81.32 =35

R4P « M _ 235, 152G@) = 15 an’/ N2% Pic oK
A = 120 200 _

T™RY 2" WALL:

A = 108INF 5 =162
225 + 15.9(2)

08 wz - e/, T OK
(ex) mUT use Jo!
(REQ'D TO CENTER EoDe N WALL)




mﬂﬂ‘TIQNAL

STRUCTURAL ENGINEERING
318 Bey St.. San Frenciaco, Ce. 84133

gt%‘

MAIN PECK

PESIGH A% ONE — WAY SLAB, LONGITUDINALLY
PRESTRESZED - CONTINUOLE OVER ZOfT SPANS,

| ZO|_|SWP>| L
 E——— [ —<
N J
{ } } 1 f
A B8 C P E

FOR MAXIMUM MOMENTS: &Y - e FOUR EBEQUAL
SpAN  INFLUENCE LINES - LoAD ALTERNATING SiANS,
(2" 5TRIP)

TRYL =12" S4B LWl @15 Yk
W=0I25 Kfr +M@ 04 pr- 0071 WL?
-Me@eB= -.1011 WL?
™Mo =. 01 (125)20) %= + 3,855 KFr

—Mp=. 1011 (12%) (20)*= - 5,385 Ker.
LVE. LOAD € & PsF
+M, = (0932 +.co54) & (20)* = + 23.C64 KFr
—Mo =(.06710 +. 4D +.0045Y.0)(20)* = — 28.D44 KF.
—Mmax = —5,285-28.244 = - 324,33 Kr
PRESTRESS |
ca @ 2" BELOW SURFACE.

] 3"
" ) 17
" “e‘ - E -3" Z F

ER TPt ———




mATlONAL

STRUCTURAL ENGINEERING
318 Bey St., San Frencieco, Ca. 84133

Ay = 12G2) = 144 N*

Do B2 jss04 ksi

2862
__? “+ m + .E&.— . o
x5
F.=_HM
~ + _‘_:9_—.‘5 = | 4%04
P(xx=)-14304  P(= - 14204
A5 ' 144 zas
| 4204
P=on+ ez.4 K/er
24 . | _ p24e el
44 L4304 F ———-——-“5 = 1-4304/0.00 CAN usEll;f/Eés
5

@ fL = S00o Rl ! AlLLOW O.AX(5000) = 2250 Pl

& 00 PsF LoAD: ALLOW TENSION'

SAY - GVFE WED = 424 poi
7?4_ 28 i 14304 - . 424  Ps(1430% - 424 ) (268)
5

SAY — 58, K/Fr

58 . +_5__eg_) Koic '
v |. 4204 l,zao/o"’_z‘ kst




mATIONAL

STRUCTURAL ENGINEERING
M8 Bey Bt., Sen Frencieco, Ce. 54133

" MAIN pECK  (CONT...)
R.2.

P v -

(0.6 {5 = 4\K/TENDON
€@ 7=58 Khr: 4AY- VSL EG-+4

SYSTEM! @ O, x4 ! (4-0.6 ¢ 5TRAD2 PER TENIN, N ROIND DL
TENDONS @ % (L) = 29" LAY 2-6" ¢

20" '

I
o
A

ENP ANCHORAGE

]
i7" %D O 0%
]

CHECK PEcK FOR VEHICLE LaADINGS:
HeZ20 - 4 4,
AASHTO |.2.2 () A B
E =4 +.065
=4 +.06(20) = 5.2 T
WHEEL LOAD = I&K

(&AY ~ 18K WITH IMPAST) ls1 INTERICR <5UPPORT

- M 1029 +.0182)18)(20) = — &5.45 kFr

- Mus é545 _ _ K -
Mufyﬂ__a. ) 2.6 % <28, P4

/. VEHICLE LOADING RoeE= NoT GoveEEN,




mwrmm.

STRUCTURAL ENGINEERING
318 Bey St.. Sen Frencieco, Ce. 854133

MAIN DECK-  (CONT..)
g.e.

CHECK OUTRIGGER LOAD FROM 9O-TON TRUCK. CRANE.
OUTRIGAER. LL =187 KiPS. ON 20' CONTINUOUS SPANS.
SAT - END SPAN : USE %- BQUAL SPAN
INFLUENCE. LINE .

e TTTITT T END SFAN

INTERIOR SPAN

4+ M @ END 9PAN =0.204 (181)(20) = 1% K FT.
+ M G INTERIOR. SPAN =0.119 (181)(30)= + (55 KT

DISTRIBUTON WIDTH = REF. AASHTO |. 9.2
PASEDP ON AAGHTO PDioTRIBUTION
FORMULA , CASE "B’ E = 4+0.065
S = 20FT -5 F1 = 185 FT
E=z 4 +.00 (18.9) = 5.)1 FT.

INTERIOR SPAN :
+M = 237 . 4 18 KFT
5.1

+M BRYED ON AASHTO cA%E "A"

M- (22 Pros pPe181 &
(CONTINUITY FMTor) 55 |8.9 FT.

Ms 1B5IZ ;151208 = 190 KFT

NOTE © AASHTO PISTRIBUTION FORMULAS ARE BASED
ON  "WESTERGMRD" THEORY !
CA%E "A'" 10 Goov POR POTH POSITVE AND NEGATIVE MOMENT.




WWA?IONAL

STRUCTURAL ENGINEERING
318 Bey B¢., Sen Frencieco, Cs. 84133

MAIN DECK (CoNT--.)
R.2.

CHECK -M OVER BEAM, UGING 2 - EQUAL
SPAN INFLUENCE LINE.

187K 187K
J -m |
T 20' T 20' T 20’ T

(END)

T~

W

.02

M= (:1024.08) (181)(20) = - 681 KFT
For cAsE "B" DISTRIBUTE OVER A WIUTH OF 5.1l FI:

'ML = 68| = -|3%2 KFT.
5.1
FoR. AASHTO cA%E "A" (REINFORCEMENT PERPENDIULAR
TO TRAPFIC ),

tM, = % ab KFT/FT.

FOR- ApSHTO chASE "'B" (REINFORCEMENT PARALLEL
To TRAPFIC),
‘LML’ +|¢b KFT,

- M= - |3% I<FT.
4AT - PESIGN POR AVERAGE OF

ABOVE - %-Mb; 18+ 13% _ 13 KET.




m‘TlﬂNAL

STRUCTURAL ENGINEERING : MAIN DECK (COoNT-..)

315 ey St Sen Frenceco, Cs. 54133 £.2.

CHECK 12"9A8 WITH Plo AT

'd": 9" HAT- 12" LTRIP

WITH 0.6 ¢ OTRAND BvERY 4" (3/FT)
4 -0.6 & HTEAND TENDONS @ 16" c-C.
Npu. = Ape fpu Aps = .220% (%)= 0.60]

bd fe fo = 5000 psi

Wpn = 0.L6I(219) 0.$205

1929% &

-f-r; z ‘Ff"” (|—0-9 wru) = 2710 C" ‘_2%0.5_)= 295 FOI.

Np. = Aps 'Frs .6b! (225) - 2L < 0. (o,‘)
bd 4. 12(92) (%)

Aps fps (d-0.59 ____._Ab’;|'1(" )

c

Mn

W

_ 10kl (215)
Mn « o.bﬁl(us) (9-0.59 T )

Mn & 9%.4 KEeT

tMu = Mp-= +NLL="45(’°)L= .08 K FT.
Py 7 1 T

Mu = L4 (208)4 1.1 (112) =195 I<FT.
198 >> 92.4 .. 11" 6LAR  No 4o9P




mATIONAL

MAIN DECK.  (CONT...)

STRUCTURAL ENGINEERING

318 Bay B¢, San Frencieco, Ca. 54133

R.2.

CHECK USING (8" slas W/ MoRE P/6 .

d=14" : plo= s6ar 4xowd @ 12"'c-c. Aps=0,88I

Weu = AE‘ ‘FE‘* - o881 (270)
bd - 12(14) C5)

= 0-2831

frs = 210 (- o.?% ) = 2%2 Kai

NP = .881 ('l@ﬁ) .
= 0.2 3| L 0.3 .. OK
12 (14) (15) *
Mn = .88] (232) (14-059 -881(2%1)
12 12 (5)
Mn & 204 KET. > 195 KkpT - Ok

CHEck AT SERVICE LOAD

T
Mp = 1.5 (125)(20)7 _ 4 \p or
24
5 MP+L= 1H24% = 11 PT.
& = 12(18) = c48 iN? A= 18 012) = 210 iN?
[ P= 0.6 (210) (. 881) = 14% 1<fey]

P 4 ;f_ €= l4-9=5"
A - 8615 P/A = b2 pPsi c
M5 4 () - 143 (5)

216N T 648 t 648

1708 psic ToP, 38% psit pOTIOM

u

Use 18" oA W/ 4x0.00¢ STRAND
TENDONS AT 12"c-c.

ok

- — , | - | ]




THMLTRUCTURAL - MAIN DECE

mA‘flﬂNAL

STRUCTURAL ENGINEERING
318 Bey Bt.. Sen Frencieco, Ce. 84133

CHECK- FoR PAUNCHING sHEAR N 18" MAIN pEck

LAP = 181" 20 sa.
i A = 4D A? li__L:]l/‘FLMT
: 187
. CONTACT PREMS= 45 = 40 ket 4 —J-/o/ ] Z\\
d - '4n . M
PERIMETER = 4(26+14) = 156 N

cHeck Ve = (0.6VFE + 1001-,%)%

(V) = 11081) = 318k
_WLE (1g15)(20%)

é My = L4Mp + TN ""p—;‘—q’z——,"q—_—:% K AT

W =0"0.5)0")(.125) =.1875 Kfe,
Mu = 14(3) 417 (113) = |9 I<FT

, 204 ], |
w_[arsaz + 100 Mtﬁ?‘-z—”ba = |36 bd .
A2 4+ | %25

MAX. ALLOWABL E

5VEee bd (.85) = BoolLd CNTRA_ <
€ FactoR

Ve = (300)1E0)14) - G55 K.
Vo-4V= 085 (65%) = 55617 K .
MAX ALLOWABLE LOAD = %’"- 228 k. >> 187K oK

NO PUNCHING <SHEAR PROBLEM
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WMA'NONAL

STRUCTURAL ENGINEERING
318 Bey St.,. San Frencisco, Ca. 54133

HEAR LOAD <N ToP [Eck

MORING

BEETHING /\
O B |

} ' MOCRING LINE BESTRANS SHIP FROM CURRENT FORCES

PEAST LINE

MCORING

BOLLARPS

N

K

K]

=
-

|
[

25 FT

N

MOKING
BPEAST LINE FRecE % 4PPEAD

OVER GSxZ = |20 fr LENGTH of
MAIN PECK !

EERTHING

FORCE 15 TAKEN BY FENDERS
AT WATER LINE !

. R _
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STRUCTURAL ENGINEERING
318 Bey St., San Frencieco. Ca. 84133

AFT BREAST LINE ENGAGES 1Bo # LENGTH OF DECK:
WITH SHeaAr WALLS @ 4o Pl c-C.
120 o

20 - 2 HEARWALLS  AFE. ENGAGED,
REE, "CHELLIS, PIDO: Fov= KB Ye? K -o.8

SPRUANCE  clASS PESTIROYER.

ZAY- L =BoOfl, DRAPT = Z5 fr (A

NOTE <HIP I touWN  STREAM FROM RecK: U<E NET  AREA,
V = 10 fi/sEc, MAMEPRAFT = 15 FT. BELON DK EoTTOM
F=K U= 08@(0) = & BF -0.08 KsF
SP= 250(15)0.08) = 300 KiPs)

20 K
LWALLY

2 oo KAALL  USE A5 DESIGN LOAD

S —————




I’W
ERNATIONAL ".::;? LTuRAi‘ - MANEE_C"E_‘
i STRUCTURAL ENGINEERING — SHEAR  WALLS
; 315 Bay St., Sen Frencisco, Cs. 84133 * R. 2
Hi SHEAR WALLS
i ) 22'-9" |
14— &' ‘|
o’ ' |
| wae [0 4) | 1-1-
e , -1 9
' Q
(e'd) : a
\
225 8'-6"
0L OO IR ITTIT I IS S LTI T S0 9
f B
, \‘)
9
E 1
2
7 "Tae "'(;1—')5)3 4. |
FEM = '—Z—o— (10.5) = 260 K fr
3EL 3(1) AR A Ap CA
AP T L_ zzs —9°1 | on o2 -1 o
1_ f_C D _ 0.6z o + 2L0 o 200
0.5 -8 -21% -28 o
4EL  4(1) o o o - 107
AP L 6.5 ol —1® + 4 -39 B3
APTUST 4——_%(?53 = 260

M A~ 153(260)s 400 K.




STRUCTURAL ENGINEERING

318 Bey St., Sen Frencisco, Ce. 54133

M Ac = 471 (2.6) = 2% Kf:

1,5
1 o«azmmm
ol | »
. | oK T“S—é =X K
i
PEAD LaaD: Ar = 433 fr* @ 12' 4ae:
b ¥ 54 k! 2AY-¢O K

LVE LOAD: 9AY - 432 12 @ ¢co0 pf OB OK
H= Zook ROK

C MAYX, = B4 + 0O~ 20 = 314 K comp,
T MAX. = 84 - &0 +0 =0 K TENsION

CHECK A Ao ZEAM | (NO AXIAL LoAD)
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STRUCTURAL ENGINEERING
315 Bay St.. San Francwco, Ca. 94133

ATE:

TMa- My 40 Kt x LT = cge K
J - (4'_0")_4“ = 41"
g = Saom Y= GOKs

18(4d F
= —— = 2,
F Zeco 20
. Mw 80
K= "F < 220 234

QP =006 : Ab= Pbd=.000 (18)(44) = £15 N 2
AY - 2 - Yo gAY EACH END.

Az Vu_=l.’1('o:()= 85 K/col.

Ve = 2VF- bd (0O 853\ ( LT. NT SAND/CONCRETE REDUCTION
FACTOR )
= 2ZNZcoo (18)(44X.85) - 25 K

i
Vi = 4¢\Vn = 085 Vn : Vn={{—58—; - 00K

S Ve =W ~Ve =l -5 =5 KK

vz=—A-’-"—’;‘*‘é - SAY Ay = 042 FOR ¥4 3 TIES
preq - Bafid | 08GOt

S UsE NoMINALL - SPACING
Apy - 12" 2 -c- FoR TES,




PROJECT:

Tyl e
N ATIONAL SION:
DATE:

STRUCTURAL ENGINEERING
315 Bey St., Sen Franceco, Ca. 84133

® N R
i . .
| -C o °
® ® P )
re-

/]
N

THUARE  COLUMNS:
£AY - NEGQLECT RIGID FRAME ACTION AND
pESIaN FOR AXIAL LaaD ! (AU MOMENTS IND <SHEAR WALLS)




e

w INTERNATIONAL

STRUCTURAL ENGINEERING

3185 Bey St., Sen Francisco, Cs. 94133

INTERIOR <cOLUMNs

Ame = 21.11(z0)
= 42%.%f?
LL @ a0 %"z = 4233 (00) = 7254 K

PL AAR ! o fiz € 18"
923 A1t @ |2
= 150+ B32% = 47 f15

Pl= © 125 Kcefx 472 #r% - 52K

FACIOREP LOAD !
Pu= 1.462) + |1 (254)= 5|5 K

.
\s

=0.b7

columMN @ 18" g
COLMN TABLE
K& - &0.eO

»

SAT 0.0

18" _

(P 222 , AcT Hdbk) L 1s" |

P BI5 :
A SamyE T FP K

O2f = LAY - OJ (NOMINAL)

o= 0.0 ok (MAX 6ef = O.L5)

As REQR.= 01(18)*= 2,24 N? = &% BARS
2,57 \t

&-#b PARS
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STRUCTURAL ENGINEERING
30 Bey Bc.. Son Frencieco, Ce. 84133

CORNER, PRIL
P= 0 K/3N.= 461 KM

Rapall Force
EXERTS ZEARNG
STRE=S N CONCRETE,

o]

P=140 Kk

T = 46k Hapé TENSION FoﬁMULA:

P = qrc.-‘ e =z4"

. 4ecel

f‘l"f: T = 244 Pel

fb—w—in

ALLowW

‘Fba\nug = 0. 6fc VA:./A, =

O6fe =oo(sc) = 2o Bl
OK @ 1944 f=i

Leok AT coMPRESSION IN CoNCRETE,
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MNATIONAL ] 3
STRUCTURAL ENGINEERING
i 315 Bey St., Sen Frencisco, Ca. 84133 ! g.Z.
|
i
i
|
| —
{ 40 K e=lbz—22¢
> Z
7 &. &7 : 4.2’
L = ——- = 0.
A 27 ¢ 295 KAl
3 Fe. = 0.071(4.2)= 327 K/iNn
s 2
i 5 bh? (N226% | g5 5o e
! © &
| 27
' A - x =L . o1 ' o
, A p 0. 295 Py 678 P4, B8 PAT.
~
r
6 638
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m‘TﬂNAL

STRUCTURAL ENGINEERING
318 Bay 6¢c.. San Frenciaco, Cs. 34133

NoTE: TANGENTIAL COMPRE=SION N CONCRETE
AUTSIPE: OF B, PRAKES A KAPIAL

TEN “10N.

20 -6.4 :
18 \f/ (618) = 44\ P5I
c

~3J

oA
| 2o

678 + 46|
¢ = T (s xas T,

KADIAL. COMVONENT ! \
o C =

Ay — " LENGTH 3405 ¢ o045
| T

9-22—.O4I1KAP,

T = 6 %C =.04171(2045) = 152,
£ = Bzewm ! - 22 P

CONSIDER, THIS RAD/AL TENGAON T©O B EQUIVALENT
T DIAGONAL TENgION (SHEAR) AND ALl caNcRETE
TO cARRY ||VFe (Wky sTRESS)

(AL APFENDIY B3),

oW = VED <~ 18 P
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STRUCTURAL ENGINEERING REVIRONS
i 315 Bay St.. San Franciaco, Ce. 94133 k2.
| —r
i
|
: S TARE REMAINDER  WITH

STRRURS: 192 -8 = 14 Ps)

LAy 4 pgs . @ 24 Ke,

724,000 % 0.20 - 4,ec0 * /BAR
| Ac = :ﬁm= CS NZ fER PBAR,
| 4AY - Z STIRRUP BT PER TENRN! :

TENDoNS @ 2" cc. ., sTiurs @ 2! I

' ; c ¢5IN‘ - 1o ¥ i

o . STRRUP SPACNG = STLT = ol A, !
M ZAY - |
\ 3
l‘ EJ #4100 cc
—~tt—z e
\1




| | smenmaeweresw MANTPECE RAME

| . | i

| EAMP:  SAY- FESH ASTMA - 588 STEEL .

; (€4 = 50 K4i)
f[ . FesigN A THRoUaH — GIRTER WITH
3 ORTHOTROPIC  PECKK (OPEN - RIBS),
L =cCoff W= 25fr (24' CLEAR oFy)
(c-¢ oms)
2\ - 4'-0" DEPIH oF GlRvERs
¢
N =
N |
il FLOOR BEAMS
‘lllllI'llIl 2ol ol e
Floor.: A -Yz w/ L8 omeN
~AFFENERS € 12! c-c.
NOoTE: FOR tE<aN - Ref,  ORTHOTROPIC
BRIDGES @ THEORY AND PESIGN! TROITEKY, |20
il
1
Floog BBAM | _-f,..
Au = 15
- L lzxge o . 2xie
A Ix 12
: .
n
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WGNATIONAL

STRUCTURAL ENGINEERING
315 Bay St.. San Frencisco, Ce. S4133

2.

[T -

@ =rlzx12 (0P A

’l_Af G'-—O" .
%; . D= 'zx18 (WEB)

y
©) L @ = | x IZ (rOToM FLANGE)
PROVERTIES ! Ve = 13.84' v = 5.¢0"

4o = 258 IN3 4= G3ON?
T = 2567 N+

Wr = 124

ADD W SNFFENERS ¢
= <EeL W= 26 Y

¥ 6.
Q.o *AF.

2AY - 2" Ac ToPPING! W = "i‘{:vé=\44*/€r. (W4 Pk

C
= W = 420 Y (10 mF)

v P
4.0 l 6-0" ‘z'-a"
\ e’ | f
apRr 7 3
4 Mi+z= ZP(105) - PL) = 19F
iz = 1.3CILK) = 20.8K

L rM = B(20.8) = 3T Kfr




< RAM PS5

wmA'ﬂONAL

ENGINEERING
318 Bey St. Sen Frencieco, Ces. 9549133

RZ

FACTORED LoAps:
1B (P+167L) = 13[3% +167(21Z] - 220 KA.

™M T20¢2)

STRESZES = Zp = e = 225 KT
' 258 (ALLoW 26)
LM U2 02) 15 Ko
ToP & 54 (oK)
CHECK, LL TEFLECTON ! L=2%'= 320"
M +I = 3I1Z K FT, M=__N5lj

44Y - EQUIV. T© UNIF LOAD ©OF

M p(aw) i
—l—::[— - —-(_E;& - 4,0 K/ﬁ—, O 223 KAN

BN LY =0.333)(300)* 0
= —_— - - 0, 64
A 384 ET 284 (22 cco X 3547)

0'21!
20!

- }5& !, OK (ALLOW /ero)

MA GIRPER .

PEAD LOAD ' SAY 2o %pr FOR GIRPER
zco%/pr FOR UNLITES
815 %Yer For RADUAY

= = 1215 KM,

Mp= 1275( o) - o4 K'




mHNATIONAL

STRUCTURAL ENGINEERING
3185 Bey St.. Sen Francisco, Ca. S4133

PDEcK AAE @ t=2": sar-az;
(fu =EB Ksi)
= G2xfiA vew (TROEKY FORHULA 122)

=62 2 « E—Q;{-’E%\(d.m - CBLE PEI

SAY: Abrg = 24'x 12 (W /2! ovERLAY)

_ . 24512
 P= 6B o o = 1271 K
O L (P =13020= 156K)

h=f&
Ber 126 et taar) WHEEL

2

Treq = C FORMULA 88) = .00G5 aVp™

7—24”2 E4.7 I

a = 0!
L 0005(L)VaEL = o.298" . 12' oK

NOTE: UsE DBMOND - RTIERN (cHECKER L)
T HELP HOLD OVERLAY oN.




ITEMW;

ANCHORING
" VERTICAL PILES

mmATIONAL

STRUCTURAL ENGINEERING
315 Bey St.. San Frenceco, Ca. 84133

APPENDIX. € : ANCHORING STE6TEM CALCULATIONS.
VERTICAL ALES

LATERAL LGAD FROM .+
ENVIRONMENTAL FORCES = IZ5 K
FPER
TLE BENT
TRY: TWO PILE® @ BENT
DA = 48"
t=
Le = &0 ) 5
pe*’ e‘-> m 46‘; 46
A e

= 40, 1o ~F \EE“»‘_- 1
40, 120 _ > i
S = ——_24_ = |7loe N 45

M= Ple = 22.5Kec)=5150 Fr

fo b EEOEPLAD | ppp ks oK "”*,m‘
T 5T oo iN? '

\

AOSUMED
ALLOW  FOR 4 N, COPROLIN OVER  4ONR LIFE . ProF fuily

t EFFECTVE = %4~
T - 1(41%% 40*) . 30,100 vt
7 g

s e TP o e om0

fo=0104y ok
FILL ALES WME 2AND To INCREASE LorAL. BUCKLING

STRENGTH AND ™ INHIBT  cOeRmonioN,
UsE. CcATHODIC PEOTECTON FOR EXTERIOR oF  ALE=,

==K

DEFLECTION OF PILES © A = _pL3
:‘ 62.5& (6of(12)%(looo) . PEL
& = 3 (219x%10°%) LW,?OO\’N")' b.@IN.




STRUCTURAL ENGINEERING o
3158 Bey St., San Frencieco. Ce. 94133 ! g.e.

m
ATIONAL SIGN, aAT’TEK P“«Eé

BATTER PILES
PLES: SAY- %‘f, " WALL
Ass IO N2 W = 214 ¥/prr
T = 14125 N %-185 N?
FILLED WEIGHT: € k0 RFf COKRETE:

Weae = 246 ¥/pr PiorL, WATER = 0.45 Y41
20'(0.45) = 22,5«
LAY -L = I10FT Warge -3 Kk

FILL GO FT W/CONCRETE ! COxO. D5 = BT K
NET BUOYANT Wl = %14571-22="1Z2 K
BATTER @ 1o IFP € +15 ff

LoAD axcps @ co fT

LAY - LOAD ¥ 125 K

APPLED BT 2EloW FRT.

@H= 100K V= S (125) - 20k { |
NET V4= 2coK —T2K = 228 K

NET T = Loms(223) = 2320k |
NET. £ = 220+2(72) = 374K |

UPLIFT = 0,62 x POWNRRCE .




BROJECT
iTEM;
Tyl e
INTERNATIONAL CESIGN:
STRUCTURAL ENGINEERING o
3185 Bey St. San Francisco, Ce. 94133 OATE: R.Z.

ALEs ARE DRVEN INTO 'Magl”:
(ST\FF  CLAY | TeERZAGHI + PECK, F8)
SAY = ULTMATE KN FRICTION & 1ooc /er®

(TERZAGH| + PECK P 522, AELE B¢ 1) B. K HIaH,

P 235 Fia l-1l)
26'¢ PLE: A= 2425 F¥m

-

L ULTIMATE CAFPACTY D 4725 k:/FOOT OF EMBEPMENT !
AT <F=15, Goob FOR 3 K/FT

EMBEPMENT REQR'D FOR AUt
RESI<TANCE = 220 206. 5 .

&% S
CAY—- A0 FF oK @ |5 4F

CHECK «eessEsS IN  PILES:
NOTE: Max BENDING <TREAL
& FLE ToF, e B
ACTION !

| OcCLPL
FRA"

T=c

Y

<

r s

oAb = Zf’%) = 11 42 K4l
owy K )
fo = O IN? = 2]]l6 Ksi

L.O12e (Z2a0) = 204 K

v,

=

V] "

=

“ e BOA(CD) = 18,240 K-IN




mﬂNATIONAL

STRUCTURAL ENGINEERING
315 Bay St.. Sen Frencisco, Ce. 94133

CHEZK @ %" WALL (Y4'losT BY CoRROAON), OP= 365NN

As = BI1.88 IN®

I = 12,265 N*, Sz (DTN
Kk ,
M = 1208 K5I

= z2(691)

F
GAY - P ksl STEEL ! Fo =0.0o(2) = 24 Ko ALOWABRLE

| = COFf="20" K =08

r- viZ =23
, KL _ 2.8 (rO) _
R e R - 4se
- 2.4
. Fa. = 18 & K%\ WA = 0Z
Fe = GG
cm-= O.85
fa Cmﬁp . 2, o8s(Bo®

f‘a_‘ - _ 37
Fa ( = ) b XA (! =1 X24)
o720+ 04D =06 L O

I

L
,

o (calp TKE 180 K)
—_——

—
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mRNATIONAL

STRUCTURAL ENGINEERING
315 Bay St., San Franciaco, Ca. 94133 R2.
SHEAR PLATES
V= 204 K
<
Fy = 14.5 Ksi X
Von

A BEcD = 3614'5' = 2] IN?

AY - 22" AATE,

> - ZL .
L reaD - 5o - 28

MAKE ALATE  5'-0' Long,

TO ALLOW FOR <ECTION Loss,

Av = 0(0.15) = 45 N2

| fv= —45;—4 = 615 K4 < 05«

' THUS E20% <EcCTION oz CAN OccUR,

o WELDs : DOUBLE FLLET: <AY ¥ ‘

Aw- = Z2(00X(0.221) = 2ZLING

B
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wi\l 'TEMi  PENDER PESIAN.
INTERNATIONAL DESIGN:

STRUCTURAL ENGINEERING >
3115 Bey St. Sen Franciaco, Ca. 94133 DATE: H.H.

APPENDIX D : FENDER PESIGN

FRom DM 25,1

CH = HYPRODYNAMIC  Coef

Fia 47 Ch = 3. FOR AP

o= 3 FOR Car
U = MOLERATE SITE 0.4 fp» AD
o.5 FFb Cél

W = DISA, ToONNAGE 27,6001 Ap
lol ODO Tu C‘|

AD E = —'Z QSZOTTON(&)‘(.S)@.:}: 127 fr ToNs
- 306 T Kipp CONIROLS [ESIGN

0. |
ca e ’lz S ) 15X (36) = oo 1. ToN
' = 224 FTKepﬁ
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STRUCTURAL ENGINEERING
318 Bey St.. San Frencieco, Ce. 54133

T FENPER DESIGN

LORDS CELL TYPE FENDERS
RAED E = |I% KPS @ 2.5 % VEFLECTION
MAY E =120 KPP @55 %

RATED REACTION = 18.5 KIP
MAX REACTCN & 557, DEFLECTION =8%.6K

E .
No. CF CELLS = —Ei"—"—"-"- = %ﬁig‘ e 2.7 CEUS
' ceL ' USE 2 cElLs

4
‘ ! 22 51" 1275 =||
TT _ SRR iy c——
4! 9L 25 _(/ X (
- '"’“ A A AT
=%

SUC jocoH - K1

e ot — e Attt |+ e e e

CONTACT AREA N SHIP
(25')15')C144) = 5400 INt

MAX REACTICN oN <SHIP 2(83%.65) = 250.8K

. . 250 8K _
PRESE. ON SHIP HULL 2250 = 4Gpsi  OK

ALLOWABLE 45 poi

TME To &ToP SHIP
MAX. DEFLECTION OF cELL = (-55) (3') > 1.b5'
AV, = 0. fps
vV, = O fps

t: 2d c 2 (1.65)
VotV N7

= 5.5 HEc,




STRUCTURAL ENGINEERING
315 Bey St.. San Frencisco, Ca. 84133

ww I'“"“ EENPER. PESIGN
INTERNATIONAL DESIGN: orF
ABVIBION:
OATE; H.H

W .,3‘

REACTION oN PER
REACTION FROM FENDER CELLS = 2(8626)=250.6K

THE PIER UNDER LATERAL LOADING

15 A DEEP BEAM
AND THEREFORE VERY 9STiFE

ACUME L2277 PIBTRIBUTED OVER LENATH oF 5 (WIPTH)

(5)(15)=%15 FT
SHAT. 400 FT. WHICH 16 |0 PILE BENTS

FACH PLE BeNT LowED e 2228 - o

PezigN Lgap FOR PILE BENTS 125k  WHICH PRODLCES
A PIlsPLACEMENT OF AROLT & N,
DEANMEMENT FOR * 275K Lo - 22 (g) = 12!
175 .
<AY |
FOR " DISAACEMENT THE PILES ALONE WILL RESIET THE

SHIP BERTHING FOPCES  RBUT A WATER MAZS HAS TO BE
MOVED BRY THE PIER WHICH ALSO FREQRUIRES FORCE

CRAFT OF PER =2/
AREA TOF. 10 PLE BENTE = |12(400) = 5200 FT*

wt oF WATER THAT MUST BE MOVED FCR PER
T MoVvE IN.

Wr = (0064)(5200X5) = 211% =2z5F

BERTHING RRCE CAN BE ABLORRED BY PIER  ALONE
(NEGLECT PILES) MOJVING 1IN,

WITH ALES ¢ WATERMAsS WORKING TOGETHER DISPLACENENT
WiLL BE 2 N,




WINATIONAL

STRUCTURAL ENGINEERING
318 Bey St.. Ban Frencieco, Ces. 854133

APPENPIX . E : NAVAL ARCHITECTURAL CALCULATIONS.

FPETERMINE. LoNGITUDINAL BENDING MOMENT
FROM TROCHOIDAL WAVE

CALLULATIONS ARE BAZEP ON THE FOLLOWNG ASSLMPTIONS
ONDIMEN(1) A WEIGHT DISTRIBUTION EVEN

B, WAVE LENGTH EQUAL T 'LENGTH OF foNTooN
= OOFT

C, WAVE HEIGHT = 14,3 PT, (A%2UMED HEIGHT)

CONPATION (Z) A,4 B,SAME A5 CONDITION |
¢, WAVE HEIGHT = io PT. (A92LUMED HEIGHT)




mﬂfﬂﬂll-

STRUCTURAL ENGINEERING
NS Bey k.. Gen Frencieco, Cs. 94133

WAVE HEIGHT

CONDITION 1)

<TATION

39w rtun-—0

LoD  (WAVE HEIGHT = 143')

1155 5x g = 15,32 TG = 34,3 KIFS

5.I5x

l 85
-1 85 x
- 51 1Sx
-1 15v
-5 15k
— . 85x
L &5w
g«
1. 1S5«

- .04
= 220
=-2 2%
== o4
=- 1532
=-1l.04
= -~ B30
- RBDH
- || .04
- |56 .32

= 24.
= 8.
= -9
= ~24.7
=~-234.2
=~74.1
=- .9
= 8D
24.7

24,3

¢




" NAVE HEIGHT

¥
- RANATIONAL

STRUCTURAL ENGINEERING
318 Bey St.. Sen Frencisco, Ce. 54133

“STATION <HEAR (WAVE HEIGHT [4.3')
o - o KIPs.

| (1254 2x 152+ 112 )xI v x20% 20 = 803
(C45+ 240,85 +1.25)x 300 + 1803 = 2923

(0A5%x1>x3COt+ 2922, = 2058
- = 72923

N

5 9 ,® Q9 & 0 2 w N
p
3
W

¢

203

o

et st e s e

[ ——————
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STRUCTURAL ENGINEERING
318 Bay St., Sen Frencieco, Ce. 84133

WNAVE. HEIGHT

STATION
O

VO ® - & O A v N

10

BENDNG MOMENT (WAVE HEIGHT =4.2")

= O KIPS-F
(0.475 +1.315) x 10O X2Q <= 55500
| 200 ‘ n

(2.4 4 'L."'O‘?w?» 07 LB - Zap7oC
rmgao .

2.V x2x 3£10% 200720 = 280100
{45200 + 280100 = 525300
EBS500 + 525 200 = Egogao |MAK.

———r=cammmmer”’
= E£25Zc00
= 28010
= Zao1eo
= 55500

= & v




; 4 1« 20 K4Ps
- 2000° KIPS-FT 1<l KIPS
MCMENT _ smmo
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STRUCTURAL ENGINEERING
315 Bay St.. San Frencieco, Cs. 54133

WAVE HEIGHT

CONDTION I
“TATION LD (WAVE HEIGHT =10Y)

o) 5.0v% 75 x a5 = 0.71 TONS = 24.0 K
l 4.15x = B8D = S
2 IS . - 22l = T2
% -1.Sx --2.2| = -T2
4 — 4.15 ¢ -—-9.8P = DD
5 —5.0x =-10,7] = - 240
2 - .15« =-8.29 = - 1D
7 - 1.5 x -—2.21 =-"72
% LW x = 3.21 = 1.2
D 4.15¢ = 8., = 190
10 5.0 \Z = lo.‘ll\b
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STRUCTURAL ENGINEERNG
IS Bey Bt Sen Frenceco, Ce. 84133

WAVE HEIGHT

ZJATION SHEAR (WAVE HEIGHT =10')
o = O KiP:
1 (0.9 +2 vl + L Z Iug ¥ 20x 20 = 2563
2 (0-25+240.68) 0.9« KO+ iZE4 = 216D
22 COZE~ 1) ¥ 20 + 216D = 2274
2 = 21D
& = 1352
5 )
© --1253,
' 7 ==216%)
| 72 =-227¢
g = 21697
% == 252
| 0 -0 N
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STRUCTURAL ENGINEERING
31S Bey St., Sen Frenciaco, Ce. 84133

WAVE HEIQHT

STATION BPENDING MOMENT (WAVE HE!GHT = 10')
o = o Kg - fr
' (|.35+Zx0.7210)><|xlz-xla:o wED = dlgTe
z eAnk; 'zof?%:’f 1B5) + 1I5GDO + 41850 = 146550
% (2174 2T EE . 2IT)x\6OIO 14660 = Zgl BET
4 = 33350
5 MAX = 4305745
6 S 2
7 = 281852
& = 148650
02 = 41250
10 = O v
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STRUCTURAL ENGINEERING
NG Bay St., Sen Frencieco, Ce. 94133

" WAVE HElaHT

‘ CETERMNE.  ALLOWABLE PENDING MOMENT FR PoNTZeN

Me = ALLOWABLE BENDING MOMENT

T = MOMENT OF INERTIA OF CRoES <ECTION
i = 12,72 Pr¥

G = MAx ALLOWABE PENDING <TRE<S = 115 P

Ms .,
= —= =2 VMB
G = - /1

ASSUMED EUTRAL AXIS =D'-0 ABNE BA%E  LINE
G > 115 x #4000 = 16Dz KiPs/pre

Me= G »%—/—
3 24
| = 1g2.p v LS o 774090 KIPS- FT
|'42  ABS RULES
SECTON & 2.2 TOTAL r2ENDING VEMENT |,
Ht = Meow + My ’

Ms, = STILL WATER BENDING IMEMENT

= O

Mw = MAZIMUMWAVE — INDUICED BENDING MaMENT H
= Cal® B, K

K = |1© FOR Cpz= 080

Cb = ODT

T = [e23 CpeeTi0-4[6233+0.57] 0% =6V ki0#

L = o
=15 Fryr,

He - EFFECTIVE WAVE HEIGHT of <ANDARD WAVE IN FT° ‘
- 0% L4 .62, =22 39, A, 4P0LL< V@D Fr !




sy e

mmATIONAL

STRUCTURAL ENGINEERING
315 Bay St., Sen Frencisco, Ca. 84133

WNAVE HEIGHT

Mo = G.D < 10™ ¥ GO 2« TS5 22 3D5 x| v 2.24 ¥y
= V4,570 KPS - FT
CETERMINE: ALLOWNABLE WAVE HEGHT B PROPORTION !

Alow. H _ He
MAX Mp Mw

_ 226,020
T 5208000

2 = w10 = ,
H 430500 CIE N

M=
1) ABs VETHOD Hr__Mw ¥ He
226,090
- ———— \ 22. 3 = 5. . = COOFT,
‘@34U5%3y =7 >3 '_ﬂ;jia FoR L Fr.

2) TREcHOMAL. WAVE VETHOD .
A. WAVE HEIGHT = 143" (A2sUMED)
M Mix = 80,800 Kips -Pr (SEE CONDITIN 1)
H == v 14,%

Mg MAy

% 143 =5¢ PT CHECKS WITH
ABs METHOD

B LWAVE HEIGHT = 10! (A<=UMER)
Me Max = 42050 KIPS-FT" ( $EE caANDITEON 2)

226.CPPO

cHECKs WITH
ABS METHOD
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STRUCTURAL ENGINEERING

WNAVE HEIGHT

318 Bey St., San Frenciaco, Ce. 84133

UsE ARS RULES To DPETERMINE ALLOWARLE
WAVE HEIGHT FoR SHORTER LENGTH NTa
LNITS

FeR L = 4coFr
He = OOzl +1128 = 18.56 Fr

Mw = G.D wid*(dco)2(15X B 56 )(|>(2.24)
= 242 Boo K A

226,000
I e e ‘ , = |2,
H o Cie.8s) 72 Fr

For L = 2oy

He = 00172 L + 1128 = 7. 4A,
Mw = 62 <10 $(300)%15)(1 X2.2¢)

= 17g, 818 Ker
_ 22¢,9%0 _
H o= e ge (114) =zlnf
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STRUCTURAL ENGINEERING
318 Bey St.. Sen Frencieco, Ce. 84133

RoLL PERIOD

ROLLING PERIOD

CALCULATION 15 BASED N THE FOLLOWING
ASSLIMPTIENS !

A, WEIGHT DeTRIBUTION BvEN
B, TOTAL LENGTH oF PIER (To PNTaoNs) = 1zo Fr

Cy ToTAL WEIGHT = 64200 KIS, CORRESRINDING
DRAFT = 1165 FT.

SRR
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STRUCTURAL ENGINEERING
318 Bay Gt.. Sen Frencieco, Ce. 84133

Roll rerlop

| Maw DK

|-

—t

180

o 1 L 1 P”""‘ﬂ‘fw’s’% 5
i

VIEIGHT!

1™ ponroon

PN (12ap') dodco K
MAIN PECK

& COLMN,ETC... l4ece KPS

codoe  KIFE

]

WEIGHT
CORPESFONDING

DEAFT

- logs Fr

CORRE SPONPING




STRUCTURAL ENGINEERING
NG Bey St Sen Frenciaco, Ce. 84133

ITEM;
mmnm:mm. ﬁw RoLL PERIOP

CENTER. OF GIRAVITY H:

46400 <D + 14002 « (1B+10O) + 45600 x (I8 +|5+0O.5) =
Ct2apx H
H - P oo = 148 Fr ARovE BAsE LINE

CENTER OF BUOYANCE AT DRAFT [lL65 P
|65 x5y =6.825 FU AROVE BASE LINE

RLOCK COEFFICIENT AT DRAFT llebs FT

M
e
Cp= LD
b i Axoed = /I%OxWE«ll,éE%
| = O A = DISPLACEMENT IN TONS
ALT WAIER

TRANSVERSE |METACENTRIC HEIGHT!

- e S A
._____'_._'?—————"—"‘ ] ® === 1
8¢8I
- Y
Fla. 3

—_ vV =VOLUME oF DISHACEMENT
_ B Ux $ %2 (35A>

“Hedf  tndf

g

V= \OLUME OF EACH WEDGE




mMMAL

RovL PERIOD

STRUCTURAL ENGINEERING
18 Bay St.. Sen Francieco. Ce. 84133

i WHEN  d 4 =5°
Ve (Y xY tmdd)prl=gy Stm do, L
(B e xtm 25 1200 = 2406 CUFT

V = 12D 15 \\.5xyODT = 10704, () Fr,

?}z = 2><2'3=50 FT.

BM = 7340G ¥ " 1045 0.0

= 41.%2 - 14.3 = 3252 FT.

RoLLNG PERIOD T# = i\','—g’%ﬁ

| - Cub
| Ve
k - RADILIS cF GYRATION
£ = BEAM

o= CONSTANT | 044 Forg <9URFAE TYFE <HIipP
O3 FOR 4 BMARINE
0.5 A LMED [[CR HINTLN

052 x5
Tt = Viges = @® ZECONDs

WHEN o4 = 1°
r (2%« 1°v 12ec = 16727.656 cuf:

il o

PR —
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STRUCTURAL ENGINEERING
318 Bey St.. San Frenciaco. Ce. 84133

w—

Bn = |4727.656% 50/ |61 pas w0, 7455
= 4)-4’8 Pf-

APPEOKIMATE MOMENT To HEEL ONE DEGREE ~Lj.GaM <IN |°

W= WeigHT OF SHIP = Ao x SZLXO.
GZ = RIGHTING ARM = 35,880 KIP5-FT
=Gnm SN d ¢
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STRLICTURAL ENGINEERING
S Bey St.. Gan Prencieco, Ce. 84133

VAMAGE STASILITY ptymm—

ri . HYDRAULIC. STATIC CURVES

‘ CALCULATIONS ARE BAZED N CNE  PINToeN,
‘ L B xD = &oOfr xS Frx I& Fr
Black <CEEFIcieEN = O.21 (AsSUMED)D




A_ET__W_L; AREA OF WATERPLANE BM, .BM ;ré E-15

5"‘“‘? yn"gmre iSPJ rf hon w'dr M 'u"-'n’-'; “:Em. z’"rwfacs
FPO| 36375 % | 90 |5 | 455 |5 -zz7.5 4929| % | 12032
2 {204 |45 1639 |4L] 732 1| 48129
|| 2213 |4 | 1002 | 4| Asd 7| 36 |
2| % |2|7128 3| 2184 |3 w2 2| 628 |
3133 |1 |%a |2| 728 |2 wst ] oamag |

[ 4 '-é 2| 728 |1 | 728 | ! 12.8 2| QU8 |
@ms ég V| oss | [PEES 1| 4ed |
o e |2 | || oaE 1) 7 2| 4258 |
YR Y V] %4 |2 | 128 [2] 1454 1| 4819
8 | X3 |2 e |3| 204 |3| LR 2| qezsgq’
q |Fa| |3 wa |4 tat |4 4 3| ey,
b [ | 1| gua g uss |4£] L ag |
Ppo| | 15| a1 |5 4555 25} | |F| iease
| - bgﬁgig A550 )+ 720935
) $M)s o

[ o

@)

i(1.)=| 4550 | |
ToTAL AREA = 4(A) xm, | | |
(ENTEK apmir OFxNﬂ'EKPMNE FRoM OKOINATE 5 = £(M)firp) * S = - 4“303-‘

MOMENT OF NATERILANE ABOUT ORDINATE 5 = (M) xmyg 0,Fr3

4-0'*"”””49 1 OF WP ADOUT AXIS THRoUGH ITS CENTER OF Mt ={ (L, yem +

TRANSVERSE 1 OF WP AGauT GENTEKLINE _m)m? ’ M4z )ems s I.‘?xufrﬁ
m,= 315 , M, = F45% gz Fus3 m, s?—xs’ s=éo

MOMENT OF INERTIAT(VOUME DISIACEMEVT 174400 curT) < BML » 1406 BH s108.8

CENTER OF BOUYANCY ABOVE BASE LINE K+ £ Kké=+ 2
METACGNTERS ABOVE BASE LiNG © 2 KML 2 7448 <M 21108
Tons f2K INcH MMEKS1oN = AREA T 420 * 104

NATERLINE COBFFICIENT « AREA+ (LXE) s a9)

DISIAGHMENT = (LxBxd)xCo s A« - M98 ro;s el , BlocK

CoSHCENT




STRUCTURAL
318 Boy St.. Sen Frencieco, Cs. 54133

PAMAGE ETAPILITY [ ——

Wk, FT

N

R

WL

8 Fr _
A=2277ToNs T = 342200 CU.FT.
Ce =027
Vee= 4 P
LeB= O LcF =o _
BV = 113x 10V 34D200 = 3122 B 219¢10)/34%200 = 4.4
KA. . = 2176 KM - 58.4
ZFY WL
‘ 4 =14966 TONS V = £22800 cVFr
Ce = O
YeB =6 Fr
e = o LefF =0
BT = "3"'0%2%600 w 24812 BM = |19x10Y/3822) = 303
KM = 2488 KM = 42.3
e Fr WL
A = 1954 ToNs V-84 Cuf
cp - O
Vebs = 8 Fr
ek ~ O LeF - —_
BM_ = |. 3«0 Yoo = iBol4 BM= [Dx107)/e98400 = 212
KMo - 1862 KM - 352

MOMENT T© ALTER TRIM ONE INCH,

4
&
12
[

"";.Q.‘EE’EF-?“E K | aM.,FT ?q”%‘fﬁgm MT1, FT. NS
"1 448 4.8 | 1423 [4989x¥Bbu S0
EMFA7 271 P77x 31 2wl 5142
Z4eg 2473 (14%6x 24713/,,.4 5S40
186D 1854 l%xl%xw 5138




- PROJECT;
ww ITEM;
NTER s
) |l
315 Bay St.. Sen Francisco, Ce. 84133 DATE:
SUMMARY OF RESULTES oF  JALCULATIONS
IteEM2, UP To WL 4¥T. WL [P WL |IZFT WL loFT WL
PISAACEMENT, ToNs SWA) 428 277 4266 1902, 54
Block CEFFICIENT (CR) o027 027 o X2 M 0.7
CENTER OF BUOYANCY ABRVE
LINE. (veRr) 2 4 2 2
CENTER oF BUOYANDY FReM
R (LeB) o o o) o
LONGI TUDINAL METACENTER.
ABO/E BASE LINE (FT)(KML) | T44¢ 2726 2486 1862
TRANSVER<E. METACENTER
ABOVE- BASE SNVE (KM) e 8 =8 & 42.% 25,2
MOMENT To ALTER TEIM
oMt D 5150 si4z %) 5128
TN FPE R INCH IMMERSION
TP 104 104 o= log
WATER. F/NE  CCETFFICIEN
(CWP) O.D7 O Q27 QD1
C.G. oF WAERAANE FRoM
X (LcF) o o o O
e
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AD-A121 865 CONCEPTUAL DESIGN OF NAVY FLOATING PIER(U) LIN (T Y) }/}
INTERNATIONAL SAN FRANCISCO CA SEP 82 NCEL-CR-82-031
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318 Bay S¢.. San Frencipeo, Ce. 84133 .

ENGINEERING

PAMAGE.

STAPDILITY

PAMAGE <TABILTY

CALCULATIONS LEEE CARRIED ar e INDVIDUAL FONToN,

OF WHICH END CAMRRIMENTS No | PORT or. STABOARD ¢ CENTER
(CASE: 1) AND CONPARTMENTS No | d Noz RRT ok Nol 4No2

STRD (CA<ET), AS SHOWN IN Fig,

CONSIPERED To BE THE MosT CRITICAL COMPARTMENTS

IN CASE OF DAMAGE.

CASE T,

AND Flq.

P [ I R 10)
B S jf“‘“ — ﬂ@
91| . 7R
, le— 4024
éoo - R |
H&.
CASEL,
ﬁ»g No 2.(P) No I (P)
g . ]l I D — .
1f_ (90415 0. /5)4
I.__401_.-
boo - e
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STRUZTURAL ENGINEERING
1S Gay O¢.. Son Frencieco, Ce. 84133

5y
ns
I [
rx)
2'
+ Z7-G L 6 4 5'*‘1."—.1.‘:!3:“_—_'@_:’:.
: 5’ A AR ‘o 13-2° 2 M -
e" MF’@J ' e e 1’
st~ —-— L. L

Fi&
AND FrD THICKNEZZ 1. INCHEZ,

NE!D Lot BLOVANCY AT BRAFT 165!

cA=e L, V' = (541215146 + 12,17+ 2.68) x(40-1) % 1].65 -

(5% 1.04 +12. 752 0.15+ ¥ 1.2 415 ™% ©.715 + 2EB x i D41 165"
12) 0,837~ ( 4C:- 1)

= IpACEE - |I122.3

= |I'loeo cU @ - 481.6 TCNs

1Y = [(54 1215+ 2.5.8) (40 - )= 1145 =
(5x1.0% + 1215 O 15 + 2.58 % 1.3) x(40-1)] n 2
= (22362 -5 )2
= 1706  ¢UFT ~ 487.5 Tons

LASE TT

CENTER OF V' fpor 4.
5.17
Az L, 2+, = 0.2 FT.
CSE T, (5412.15+ 2.5) v} 247 -2 = 2017 P,
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STRUCTURAL ENGINEERING
N8 Bay 8., Sen Frencieco, Ce. 84133

DAMAGE  STABILITY

LosT ToNS FER INCH

CAE T, Visr= LY sz =251

cAse. T, =T\ srviz = 3 TONS
WATER RANE AREA AFTER. FLOOPING

CheE T V2% GDF « 154 OD1 = 24650 ST

CASE JL V2815 4600% X 1Sx O.P1 = 24650 =QFnh
TRANS/ERSE. MoH. NERTIA /35 oF WATERFLANE APTER

FLeoPiNGg ARoUT ¢,

Che 1410
19x% I0Y/35 = 5472857 M- ToNs
My 0 LOST WATERPLANE APTER FLODDING

Me = SURFACE FPERMEABILITY OF COMPARTMENT
= |.0
ASE L, Ix(5+1032348)v2xC(40-1) xOD7 = 15382 Fr*

e T 1«(5+10.3345)x(80-2) xO. 91 = |538.2 Fr*
Mx Lt/ 25 OF LOST WATERPUNE AFTER  FLOOPING!
cAsE 1 4T 'T= MOMENNT OF NERTK OF LOST WMRRAANE

= |Ib®
£® N RECTANGULAR TANK
'=3"’.2 20.333«2 =647 Fr¢

s x ltfss . \saps Fr-TON'S




DAMAGE STABILITY g5

| SANASE STABRITY-LOST SUOWNICY WETHED- MARE A%D TIues- SANC BATA "_‘EE_I_
i T souncs SESCMPTION ot p—
f We. veny P_—: o
: ' DR e v, onary peront samnee | v ”,L? .
; 2) | cunvis oF ronu SISMLACEMENT vons | ).
3) | cumves or roam TONS PER WCH vos | 104 '
@ | amves or rone Ler Y I 0
CURVES OF FORY ™ v | A2
q) | cuaves or roru [ e *
0) | ummrer nET Lo8T Py )
e LU
© | cavomancns 0'6 r* b2
@ | cacmanos ey whe wl =280
® | cacmanons Sanr®  nie (+105
@ | Coumaruant W03 TONS TS 3L5 ' ’
@ w.un:;oz :.EEL:;:':' ) '2-90 ]
A A A LT | N i
@[0-0 muws T e (00,5
® 000® :::Lt:'ol o l*q,’s, o
®|:% e ares
CURVES OF FOAM " Tous | 4o
"® COMPARTMENT ::s@m : - 4’ T“““_"F' i Sl
CALCWATIONS | pea mo ar (i7) ons 3.6 !
866 lEEr=lwles] T T T
@ —Egl@ somast oy
.IL . 0‘*
TIOHO) ORAPT APTER FLODOWS | Y ll.?F."JF’_ T T
@) | cunves or romu TouATER mcn LIy '_ T T
@9 | cunves or ronu wrar @ o o Q
& [ | Erme " [25] 5140
‘ 8o e | 35
@ | Eiowirman Snow mee nlr|-280
@ | S e ® ol l05 |
® e e 415 |
i 9_ TRISMNG LEVER :: r 2”01 .._J;..._..
F@" TRmws oMENT o | 7oy H’!@‘_’_'»_‘_.‘_ ____1 U S .
Ol =TS @ |- o |415,2
o] i -
@ M1 RowcwT 1o 1M | g0t ms
® ey e ] 151
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Fig. 24 Porm fov eoleidetion of sikage end wim, lovt busyancy methed T
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PAMAGE ©STABILITY &2

DAMAGE STABLITY - LOST SUOVANCY HeTHoD -wetL A T8 __M
ey S L]

e soumce OLICHPTION it 1
__________ Y, SRATY DEFORE SAMASE ot ”Léi

@ (os.?) FTen riooome "™y r ﬁjs b
® 9 (n-?) prrA R S N " | 0.83

DWWECT CALCULATIONS WATERPLANE AREA 2

OR CURVES OF FOAM AT WLy ”

OWECT CALCULATIONS TRANS MOM. INERTIA / 38 roOT

OR CURVES OF FORM or (1) ssour . vows | £14285 |

COMPARTMENT s LOST WATEAPLANE ) o [~ -

CALCUL ATIONS b5 Wiy r '5& 1

COMPARTMENT cenren of (a) »- |

CALCULATIONS' FROM CA. s« 1 ’m

COMPARTMENT i /3 or ’

CALCUWLATIONS s "'/..w' @ v ] .
. I

@'@ B et [
(@D -@ | ---------——— 5] 180
@-9-@ | ------—coo—- 71 [epn

0O-8  |muos n19.07

0.@  [mmmameers|a [ ‘
@ '@ [N e -- 4 m K‘E |
(). 69 VED MISE DUE TO ’ — 'A’“Zl

g SINKASE r . .l . o .

[T Yot et -

IQ%“: VGO MISE OUE TO TRIM 144 . “ P —-f“‘ "
@.on. @_ @ MTACY 6M FOR 2° oM e T .

-

oo ® ® © [Pl @ ®ovoele ® |® e oo e [Peloeleleloee]e |l

Ta AN 8 mm&?un ) — o m 1
____________ CORRESPONOWS ANGLE = 1 i
oF HEEL !
------------ | serecreo anee ¢ ste
———————————— AN @ -
@ HEWGRT WL 10 Wip .
@ (@@ |rwe '
225 (19« (@) « () CLNTER OF NLT AODED e | py |
0 SUOTANCY FROM CL s ,
ORIy S |
. i
-@. @ IHANSVERSE MOMENT . "z" i
CONPART WENTY WOM. CORRECTION FOR CHANGE P-| POOT
CALCULATIONS ™ p E7C. WEELWNG $ 3+ TONS
0 . @ ___________ - . K { ir '('I [ T - L
50 ; o) S
7188, 43,40 OR
DIRECT EALCULATIONS i = FRECHAR)
¢ - ' ’ INTACT &M 10 LimT " =
o I (R VY 13
on
wincHevaR 13 Langen | TTOVIMS wTACY b v
S e
@ or @  |omremmWe ||

» @) o wone THan (), CowLiomm aneLE Of HEEL .
AN RELATED 7F°ARE THOSE WINCH SATISPY TOUATION: 847"« JI » v
AN

Fig- 24" Porm tor coleviation of heol ond GM, lost buoyency methed

i caon




s Gitnaiiaduian

CASE T,

PAMAGE STABILITY

GAMASE STABLITY- LOST SUGYANCY WETHOD- DIIASE ANO TRIS- BANC DATA w~ rgF b

- et cp——

©-@

APPROXIMATE DRAFY
AF TER FLOODING

11te sounce oTSCMPTION oy i e TR
---------- T, 0nary seront smmet | rr () [ 4°
CURVES OF PORM DISPLACTMENT vom | 14629
CURVES OF FORY TOND PER WCH Yous [ | 04
CURVES OF POAM Ler :. re 0
CURVES O FORM ] ’r
CUAVED OF FORM 3 T £33
COMPARTIENT T LoT > o | 487, s
ConpasTuEaT ngn. cEnTEn ’r L2
cw:::‘ ::::" . s -2 bo
uwuumu; ::_'&':: ® ALY I
Sorm e w| 35
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e~ b A A KB R 1 | N R N
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Q"@ﬁ@"‘@ camren ot -1 e (49,05
12 % :umt e v 0 '4’ +—-— ]

a8 ;_ .

CuRVES OF FOAM

TONS PER WCH
v ®

COMPARTMENT
CALCULATIONS

LOBT Towe
rer wen ar ()

®-®

REMAHNNG TONS
P58 wcH

) Al Lo A IR PO
TONS 9.6. _____ L .
TONS' 100,51’—

rr 0,4

0-®

ORAFT AFTER FLOODING

v 11245

cunves of Fomu ;‘:"@’" fuen vous } 104 1 -]
CURVES OF FORM wer ar 6 [ Ky _0O )
CURVES OF FORM preg by @ Tow S140 -—
i aTIons RO ER AT el IS Y
e rwmoedd 1| " L 2bo
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e e | 408
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# nore 176w (D, MET LOST BUOVANCY » T
WHICH WERE &1 ANV DAEACHED
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DESCRIPTION

L1} 4

7, ORAFT BEFORE DAMASE

(44

L5

Y

©-8(.0) [mumms -y
e 9(“ ?) ek Flooows Mg

(4]

1\

OAMIAGE CONDITION

omECT Catcu ATioNs WATERPLANE ANCA ot %
curves ",

el by el A L

CousARTwENT I tf?..:"m“ pery ‘g’

CALCULATIONS' Faow Eo ® .| ""n

CaLC ATIONS ’s"@?@ i)
©.6- Se———— T T
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